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ABSTTACT

This report examines some of the more practicsl aspects in the
application of air ballast systems to the control of free-fiight bal-
loons. Each type of air ballast system, as defined in Scientific
Report No. 1, is analyzed for the cost, availability of materials,
components, and instrumentation required., 1In addition for each type
cf gir ballast system deemed feasible, the possible *light sysvem
configurations, €:sociated launching problems, and methods to solve
the problems are investigated. It 1is the conclusion of this report
that most air tallast systems can be instrumented and flown with con-
ventional or ofr-the-shelf components and equipment. Systems v-.ng
very largz payloads are more difficult to handle and launch than
smaller payloed systems and probably will require same development in
new launching techniques and assoclated equipment.
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Scetion I

INTRODUCTION

This report is a result of a study of various flight control systems
and associated instrumsntation and lsunching techniquec for air ballast
systems, Th's is the spcond report relating to air baliast systems., In
Scientific Peport No. 1), 1ir ballast syctems arc clsssified inic three
groups. Within each group are a variety cof system configurations, Each
configuration, however, works on the same principle; that is charnging the
displacement weight of the ballast system to cumensate for sunset and
sunrise effects on a zero-pressure balloon. The first two groups require
little or no external power to operate except for that necessary to
operate monitoring instrumentation and the vallast valve., The three
groups are:

1. Mass expulsion ballast systems.
2. Sealead cell ballast systems.

3. Fowered air ballast systems.

A, MASS EXPULSION BALLAST SYSTEM

The mass expulsion ballast system operates like the conventional
pourable solid ballast systems, This systew carries a mass of air or
suitable gas within a superpressure balloon, or ballast bag, tc a pre-
determined daytime operating altitude, at which the gas is under pressire
and has a higher density than the outside atmosphere. When sunset occurs,
the balloon begins to lose 1lift due to "sunset effect". At this time, a
ballast gas valvz is opened and the air or gas within the bag is allowed
tc escape, The density of the air or gas within the bag decreases, thus
decreasing its displacement weight, If the bag ics properiy designed and
the proper mass of gas is inside the bag during the day, hen when the
air or gas escapes, the <isplacement weight of the bag will Jdecreace by
the same amount as the Lift that was lost due to sunset effect. Once the
gas is expelled from the ballast bag, the muss expulsion system can no
longer cperate as a ballast systom unless the bag can be »efilled again
the next day.

tScientific Report No. 1, A Survey of Methods for Ccntrolling the Altitude
of Free Balloons with Air Ballasti Systems, Air Force Cambridge Research
Laboratories, Office of Aerospace Research, USAF, EBedford, Massachusetts,
September 29, 1967,
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B. SEALED CELL BALLADT OYOUTEM

The secaled cell ballart cyciem, like the mass expulsion system, con-
sists of a bag of prescurized air or gas carried aloft with the main balloon
to operstional altitude during the day. When sunset effect occurs on the
main balloon, rather than let the gas escape from the bag, the whole ballocon
system descends as 1ift loss is experienced on the main balloon. While the
system is descending, the density of the outside atmosphere increases, thus
decreasing the differential pressure on the ballast bag. If the gas inside
the vag is air, the displacement weight of the ballast system decreases as
differential pressure decreases, If the gas is helium, the gross lift of
the ballast bag will increase as the differential pressure decreases., With
a properly designed ballast system, the balloon system will level out at an
altitude where the differential pressure on the vallast bag drops to zero,
At this point, the decrease in displacem nt weight (air-filled bags) or in-
creases in gross lift (helium-filled bags) of the ballast system will
compensate the total 1lift loss due to sunset cffect, Unlike the mass ex-
pulsion system, the sealed cell ballast system can theoretically operate
indefinitely provided the main balloon dces not leak helium and the
ballast bag does not lose ballasting capability due to gas leakage.

Though the ccalsd cell air ballast system can allow a balloon system
to stay up indefinitely, if the range over which the system travels from
day to night is outside the mission objective of the instrument paylcad, it
is necessary to consider the use of the third group of ballast systems.

C. POWERED AIR BALLAST SYSTEM

The function of a powered air ballasst cystem is to accumulate power
during the day (usually from the sun), compensate for sunset effect, and
utilize stored power during the next morning to re-ballast the balloon
system during the sunrise effect,

Within the powered air ballast system group are two basic configura-
tions. The first uses an air compressor cn a mass expulsion ballast system
to compress outside air into the ballast bag during the morning while solar
radiation from the sun superneats the 1ifting gas in the main bailooa. As
the 1lifting gas is superheated, and the 1ift of the main ballcon increases,
the outside air is compressed into the ballast bag, thereby increasing the
displacement weight of the air ballast system. The total increase in 1ift
of the main balloon due to superheat is therefore ccompensated by the total
increase in displacement weight of the ballast bag when fully pressurized
by the air compressor. During the day, solar cells convert solar radiation
to eilectrical energy to charge the batteries in the ballast system. The
vatteries provide power ic the air compressor during the erjod of the sun-
rise effect, This type of powered air ballast system ca. maintain the
entire balloon system at nearly constant altitude indefinitely. Its flight
duration capability is limited only by the permanent loss of 1ift due to
leskege of gas from the main balloon andé the cyclic capsbiiity of the power
system.

© Wokare T8O AP 120 M AR e s
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The .ccond type of powerad air ballast system consists of a ccaled
1 ballast oyctem on a powered winch, Instead of allowing the entire
mlloon system to deccend at night to compensatc for sunset effect, the
inch lowers the sealed cell ballast bar while the main bailoon with its
nstrumert payload remains at constant altitude, The power cycle for
his system is essentially the same as the powered mass expulsion system.
“n, the flight duration capability is indefinite, except now it is
ted by leakage of gas from the ballast bag as well as from the main
oon, Notice that in the powered mass expulsion system, any leakage
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D, CAPARILITIES OF AIFR PALLAST SYCTEMS

The gross 1ift and the amount of sunset effect on the zero-pressure
main balloon governs the vallasiing requirements from the air ballast
system. The capacity of the air ballasy system, in turn, depends on the
volume of the ballast bag and on ihe craracterisites of the ballast bag
material; that is, supernezt effect, welght, streng-h, and elasticity,
AS noted in Report No. 1, bag fabric cheracterist.cs limit not only the
capabilities of a particular size air ballast system but also the size
of the system, For each set of bag fabric characieristics, there exists

ey

a maximum or optimws size bag for a given set of operasting conditions,
If the bvallast bag is made any larger than this maximum or optimum size,
the payload capability of the whole systenm is decreased, or else the
ballast bag can not structurally withstand ihe pressures attributed to
superheating, much less the pressures required to achieve air ballast.
This maximum or optimum size of the ballast bag which limits the payload
capability of the balloon system, in turn is depencent not only on the
fabric characteristic of the balilast bag but also on the fabric in the
main balloon.
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ytime Opt imum Volume of Maximur payload (includes
operation bag size main Wt. of instruments & ancillary
altitude radius balloon equipment of ballast system,
(£t.) (ft.) (cu, ft.) but not bag Wt.) (pounds)
60K 15 15K 17.4
70K 25 75K 51.2
] 80K 35 265K 110.0
] 90K 50 850¥ e17.0

day; that is the ballast system flies bLy itself as a superpressure balloon.
Table 1-2 lists some payload capabilities of helium-filled systems. These
can be ccmpared with the same ballast systems and assumptions made for the
air-filled system.

TABLE 1-2. PAYLOAD CAPABRILITIES CF A HELT'M-rILLED BALLAST SYSTEM

Daytime Bag Payload Maximum i Maximum
operating size (less tag size payload
altitude radius bag weight) redius (less bag
{(£t.) (ft.) {1b.) {£t.) weight) (1b.)
60K 15 30 33 776
TCK 25 260 43 1428
80K 35 62C 78.5 3832
Q0K 50 996 125.0 9582




Oeeetlion I
FLI T CONTROL SYSTEME
A TEST AND DESIGN EVALUATION INCTRUMENTATION REQUIREMENTO

From Scientific Report Ho. 1, i was shown that the paylcad capacity
of an 2air ballacst eystem on a zoro -pressure balloon is dependent on bag

radius, altitude of operation, supcrheat temperature both day and night,
. and the wag fabric strecs Dargpczer . For both sealed cell and mass ex-
pulsion ballast systems with zero ballast bag superheat at night, it was

found that:

32rs. t e bwPa, (1433 ,d)n , 2
L' (payload) =( -t - - 1 V fs) 'l] - bwr oW

| Ra Talgzlrnif 3(1+ny) F
where
S1 = Bag strese (psi) during day
ty = 3Bag thickness (inches)
r = Bag radius (feet)
Ry = Universal gas content for air
Tay = Ambient day air temperature
ny = Ratio of cuperheai in ballast bag to ambient air

temperature

tz
i}

Fabric modulus of elasticity (psi)

pal = Density of air {1b./cu.ft.)

X

Hi

Mai: balloon superheat effect

F(X) = Ratlo of total gross lift to total payload on
main balloon
W, = Ballast bag fabric weight (1b./sq.ft.).

In attempting to determine paylcad capabilities for specific air
ballast systems and main balloons, it was necessary to assume arbitrary
values for such parameters as ballact bag superheat, sunset effect in
main balloon, and stresses on the ballast bag. Because these parameters
greatly effect the payload capacity of an air ballast system, it is
necessary to know the value of these parameters accurately, or at least
tc know the worse case conditions to expect, before designing and flying
a balloon system dependent upon an air ballest system. It ic envisioned

n
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thererore tha® ear, 'eot Uliqnts carrying alr vallact cystems will be flowu
in 4 “"plggy back" fuor. o with balloons coniaining conventional droppable
ballact,

Tne conventional Jroppuvle ballact will augment the air ballact so that
sunsel effe ct on the main valloon w1‘l be compensated completely. This
"pizgy back” sycten will allow for heavier payloads, and consequently a

more mchile and highly invtrumented flight which can be positively control-
led and monitorad, Therefore, it will be possible to obtain more accurate

and realistic values for the decign and flight of those balloon systems that
depend solely on the ballast available from an air ballast system.

Examination of the payload formula reveals the terms which need to be de-
termined from instrwmcenteas flights, Terms cuch as bag radius, (r), bag
material thickness {t), and main balloon payload to gross lift ratio F(z) are
determined by design, and can be ascertained by measurements and guality
ccntrol in fabrication., Bayg fabric modulus of elasticity (E) can be deter-
mined fairly accurately under taboratory conditions for the termperatures
expected at operating altlitudes.

Fabric stress (S;) determiner the amount of pressure the bag contains.
{rain gages can measure this stress directly. However, strain gages are dif-~
ficult to mount cn flimcy balloon fabric, and at best, would set up local
stresses and consirictions which could produce ipaccura.e results, It is felt
that measurement of dlffergntlag prescure ( 4 P) will produce more accurate
data. Fabric stress can be determined mathematically from AP by the following
fermula derived in Report No. 1:

q
-
b

-

2h 8.t

¥ {1-35,/E)

AP =

Since AP is uniform throughout the pallast bag, the differential transducer
may be mounted wherever convenient, preferably near the instrument package
payload., However, the transducer shculd be located away from the ballast
valve, lest locel turbalence and partial pressure drops creatad by the gas
escaping through the valve dicturb the readings.

Superheat in the main balloon and the ballast beg has a great effect on
the ballast system. It i necessary lo accurately determine both internal
temperatures of the main talloon and ballast bag and the ambient air tempera-
ture., Ambient eir temperature can be determined fairly easily from a
temperaturs probe, such as a thermistor bead, suspended away from the paylcad
and shielded from radiaiion from the earth, the sun, and the balloon system
itse;f A succeszful method for measuring ambient air temperature is to use

11 bead,thermistor suspended on a line a few hundred feet below the
L;ght train,

fLittle, A.D, Report Ne. V, The Measurement of High Altitude Balloon Gas
Pemperature, R. M. Iucas and G. H. Hall, October 1906.
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Temperature measurcment of the balloon gas and gas incide the bullacst
bag can be accamplished Ly using a small shielded bead thermictor sucpended
as close as poseibie tc the center of the volume of gas to be measured.

The line suspending the thermistor sho'id be attached to the top of the
balloon or hallast bag and allowed to hang along the axis of the volume
being measured. The us~ of one temperature probe should be sufficient to
measure gas temperature if it is positicned so that it is centrally located
and far enough away from the walls of the balloon to prevent its tempera-
ture from being coupled to the fabric temperature, As pointed out in

A. D. Little Repcrt No, v1,

"...There is a toroidal mixing of the gas upward slong
the balloon fabric and downward in the center along the
thermistor string so this location for the sensors ap-
pears appropriate. The rotaticnal symmetry of the
mixing results fram the radiative absorption of the
fabric on the far as well as near side to the sun and
the fact that balioons tend to oscillate in rotation
through much of their flight”,

Once the ambient air and internal gas temperatires are known, the super-
heat effect terms for the pcyload formula can be determined by the following
equations:

T T
nl:l bl - al=obl;
ay Tay )
T - T ]
by ey "bp
nan T .T
&2 &2
Tmbl - Ta, Tmbz’ Ta2 ambl ombe.
N-Nl-Nan___ - - = - <
Te, Ta, T, T,

where,

Tbl,e = Ballast bag gas temperature (day, night)
Tmbl,g = Main balloon gas temperature (day, night)

T

a2 = Ambient air temperature (day, right).

The superheat effect cn the main balloon is determined by the difference
between the two rativs for day and night superheat temverature over ambient
air temperatures. If ambient air temperature stays reaxriy the same both day

Littie, A.D, Report No. V, The Measurement of High Aititule Balloon Gas
Temperature, R. M. Lucas and G. H. Ball, October 1965,
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The last term to be measured for the payload formula is air density
(Pa), wrhich can be determined from the perfect gas law once ambient air
pressure and temperature are found. Therefore, a pressure transducer must
be carried that not only provides altitude information, but also the dif-
ferent:ial air pressure experienced on Lhe ballast bag. Accordingly, the
prassure transducer should be located as near to the ballast bag as possible
in order to obtein local air conditions sround the ballast system.

As a general check on the peyload formuls and the values of the data
taken frum the measurements, it is necessary to determine the weight of air
ballast taken on or relessed by the ballast system. For air filled systems
this can best be accomplished by use of e strain gage cor load cell which
continuously monitors the displacement weight of *tbe bellast bag. The dif-
ference between the measured displacemept weight and the uninflated weight
of the ballast bag provides the weight (A) of the air billast in the bag.
This value for A can then be compared with the other measured values through
the following formuls derived for air ballast weight in Scientific Report
No. 1:

P
A1=3”1'3 (1e35/8)] "1 *2F1

P
&
3 RA Ta, (l+n1) 1

<

where
A = Air bailast weight (1b.)
Pal = Ambient air pressure
8Py = Differential pressure in ballast bag

For helium-filled seaied cell systems, the effective air ballast welight
(Aeff) can be measured by determining the difference between the day and
night 1ifts of the ballast bag. 1In this case, the load cell or strain gage
measures tne 1ift exerted by the ballast bag. The difference between the
day and night 1ift is reluted to the other measured values by the fellowing
formula, also derived in Scientific Report No. 1:

2 .. 3
3 rr k-’-"'ne)sltb -h ~r P&l (n] - ng)(l+3sz/E).

RA Tal (3+nl) 3 (l.n.nl)

Agpp = = 8%, =

2~k

b A1
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The gross 1lift of the ballast bag can be determined by adding the net
Lift exerted on the load cell to the weight of the ballest bag. The gross
1ift is determined oy the following formula:

. ber? (1438, /%) | Pay + a8
O = ¥ a -

where ;

Rqe = Universal gas content for helium. !

ic

-~
£,
W

Irn this manner, it possible to determine which measurements are
absolutely necessary for future flights in monitoring and controliing the
balloon systems dependent sclely on the air ballast system. Since % has
been established from Report No. 1 that air ballsst flight systems have
iimited payload capabilities, it is imperstive that the ballast system use
the lightest weight instrumentation possible for menitoring and controlling
the Ciight, As a result of early flights, 11 appearss that it will Le pos-
sible to properly desigu an air tallast system which cen completely com-
peisate the sunset effect on the magin vehicle balloon with enougn reserve
air balla:i to ¢nver the entire range of possible ballasting requirsments
encountered,

B, MONITORING AND CONTROL INSTRUMENTATION REQUIREMENTS

Each of the three air ballast systems requires its own control and
menitoring irstrumentaticon., A common requirement for all thres systems is
the ponitoring of altitude through the use of an smbient air pressure trans-
ducer in order to ensure the hallast systems are working properly and holding
the f£light system within the design renge of the system. Additionslly, dif-
ferentizl pressure on the ballast bag should glso be monitored to =nsure the
burst iimits of the bag nre not reached and that the proper amount of air
pressure 1is present &t all times for the ballasting requirements., Finally,
determining the displ acewpnt veight or 1ift of the ballast bag will properly
monitor the behavior of the bal lest system and will alleviate the reguirement
1o measure internsl gas temperatures and ambient air temperstures once it is
found tnat the air ballast sysiem 1s properly designed for all expected
conditions.

During the test and eveluation flignts on any ballast system, it is
necessary to provide a command function to turn on and off magnetic valves

for controlling ihe drop of conventional ballast, It is necescary to determine
from the instrumentation what amount of ballast is required for compen?at;ng
sunset effect and what amount of air ballast is obtainable from the cycztem,
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The masc expulsion air ballast system requires a valve to allow the
pressurized air in the ballast bag to eccape in order to compensate iLhe
sunset effect on the main valloen., Therefore; s control fuaction will be
required in the instrument package to command the vaive to open and close
0 gllow proper discrete amounts of a2ir to be released from tre ballast
bag. Since large quaniities of air need to be released, and in the interest
of' keeping Lhe bellast valve as light as possible, it may be necessary Lo
have a time lag teotween the time of the command to open or close the valve
and the time when the valve responds. Therefore, in the test and evaluation
flights, it may be necvessary io monitor the position of the air valve s=o
that tiie time lag For various altitudes and pressuresare known in advance.
In this manner it is possible to eliminate instrumenta*icn end asscciated
hardware for monitoring the position of the valve during solo flights.
"Solo" fiights ere defined as flights that depend sclely on the ballast
aveilable from the air ballsst system,

The sealed cell ballast system ideally needs no control instrumentation
since the wallasting obtained from the system is determined by design end
flight conditions., However, since it is difficult to insert the exact
amcunt of air or helium into the ballast beg while on the ground, it is ex-
pected that normal operational procedives will require that an excess amount
of air or helium be inserted into the ballast bag at launch and then be re-
leased by a relief valve while the flight system ascends to design altitude.
This relief vaive may be either elec*rical cr mechanical, but must be gble
t0 keep the pressure in the ballast bag within s fairly close tolerance,

For the test and evaluation flights, it may be desirable tc have a combi-
nation of a relief valve and & ballast valve, such as one which might be
used for the mass expulsion system., The relief valve can then be evaluated
for accuracy control, and at the same time ailow for pesitive control of
the pressure in the ballast bag in the event the relief valve malfunctions.

The powered air baliast systems require +the same instrumentation as the
sealed cell and mass expulsion systems and additionally require control in-
strumentation for the power units themselves. A measns for orientating the
sclar cells to the sun during the day and regulating the charging voltage
to the batteries must be provided to ensure the proper amount of power is
available to compress air ballast or haul up the ballast bag during the sun-
rise effect period. For the 2-cycle mass expulsion system, a command
function must be provided to turn on and off the air compressor. Built into
the compressor unit should be a back-pressure valve so that pressure built
up in the Lallast bag is retzined when tne cumpressor is shut off, For the
winch conirolled sealed celi ballast system, we need two command functions,
one Lo turu on the electric motor and the second to engrge or disengage the
clutch on the winch to allow the ballast bag to be hauled up and lowered,

C. REQUIKEMENTS SUMMARY

The specific requirements necessary for each type of ballast system are
lxsted below, The requirements are in two groups: measuring instrumenta-
tion requirements that are necessary for all ballast systems, snd control
function and instrumentation requirements that pertain to specific air
tgllast systems,

2-6

-




b
ty
pd
2
3
5
3
o+
t
L]
[®]
"

13 s dsamand o Mha rarnoy
4 TN

M vy caves Toaiw T + wesaue et 4T ey 1
ATEN WA e A A AI.L’ LrEe A ALY L VA Y i L\\.-\iu.&.& Nedidvr id W e — e R . M MAa s Cssrecaa
il ballast cycteme are Dioted below. Table 2-1 licts specific requirementc.

1. Inctrunmento (hell cxhilid no drifi or loss of accuracy after

repeated temperature and precsure cycling, ana after exposure to solar

Response
Function Range Accuracy | Time(zec,) Resolution
Main balloocn zas 370°R to LWC°R t1/e°F 1 to 5 21/k°F
temperature
Ballast bag 370°R tc L6O°R z1/2°F | 1 to 5 21/4°F
temperature
Amtient air 370°R to 420°R *1/2°F | 10 to 20 :1/4°F
temperature
L & Ambient air 1013 tc -0 e LRRE 13 1 to 2 *1/2 =
4 pressure (entire flight)
= 70 to 10 mt
. B (oper. altitude)
&
% Differential 0 to 54 mb 21 1to3 1/2 mb
= pressure on ballast
= bag (8' radius)
E i
= Differential 0 to ¢mb $0.2 mb | 15 to 20 *0.1 mo
3 pressure on tallast
g% vag (50" radius)
R Ballast bag weight*| (Wy-10% Aarp) to | 2% of | 1 to 20 504 of
. (Wp+110% Aefr): range (depends accuracy
§§ air filled on bag rqts.
TS (Go, -Wp-10% Aeff gize)
f to (C«Dl-x%fu%
TR Aers): relium
) filled

¥
v

radiation.

2. Instrumer
connocted Lo inctrument leads,

1
iLa

¢ .hall be unaffected by sclzr radiaticn, and when
chall be insensitive “o <lectrora nctlic ra-

diation, local turbulence., znd other interference faciorc ascociated with

ihe balloon nyctem,

N
Do

1y proteeted during filight,
n

MEASURING INSTRUMENTATION REQUIREMENTS

Inctruments shall be small, lightweight, and capable of being
This is particularly important for
with thermistor beads,

*Examples of ballast bag weight using the indicated reguirementc are given
on the following page.
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Example 1 — 8-foot radius, 2-mil Mylar, air-filled bag at 70,00 feet

Aoty
Bag weight (Wy)

i

Range =
Accuracy =
Response time =

Resolution =

Example 2 —— 25-foot radius, 2

bert =

Bag weight =
Range =
Accuracy =
Response time =

Resclution =

b5y 1b,

18.0 1b,

7.5 Lo 23,y 1,
0,06 1b. (& 1 oz.)
1 to 3 sec.

=0.03 1b. (* 1/2 oz.)

-mil Mylar, air-filled bag at 80,000 feet
36.6 b,

115 1b,

111 to 175.5 b,

20.45 b, (2 7 oz.)

10 to 12 sec.

All the requirements in Table 2-1 are necessary Tor "piggy-back" flights.
The ambient air pressure and differential pressure on ballast bag are the min-

imum necessary for solo flights,

Control Function and Instrumentation Requirements - The general require-

ments Tor contrecl functions and instruments are:

1. All control and power units must survive 30 days flight opera-
tions at operating altitude and within the following ranges:

Temperature - 360°R to L20°R

Pressure - 120 t0 10 nmt

Relative humidity -~ O to 100%

Solar radiation - Intensity expected at 50,000 to 100,000

feet

2. Instruments shall be Imall, lightweight, and capable of surviving

shocks associated with launching and

altitude

ascent,

3. Instruments shall be properly shielded from flight-train instru-

mentation to prevent interference to

2-8

monitoring equipment,
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%, Instrumentc chall require runimum power to operate and still
meet specirieations an order to reduze weight «f batterices and ascociated
power systoms,

During test and cvaluation "piggy-back” flighte, it is neccessary to
have a control function io operate magnetic tallast valves to discharge con~
ventional ballact, Ideally, a properly designed air ballast system requires
ne conventional solid ballast., Iuwever for purposes of ascent and descent
control, as well ac comperssation for gas leaks, it prcbably will bLe necessary
to carry some conventioral colid ballast during dummy solo flights.

Below are Llisted the conirol and instrumentatioa requirements necessary
for a particular type air ballact cyotem.

4

1. Mass expulcion ballasy syctem

(2) Air ballast valve (varies with bag size)

Orifice ziie - mutt allow bag to go from full superpressure
1 Q

ure in 30 minutes.

Operation - electrical commanc, full open to full close in
10 seconds, full close to full opea less than
T ceconds,

Power - DC, 36 watts starting, 12 watts running,

2. Sealed cell systen

(2) Relief volve (varies with bag size)
Orifice size - must allcw air to escape to maintain constant
pressure on ballsst bag while ascending 1,000
! . y -
ft./min. detween 20,000 and 90,000 feot.
Maximum pressure - & to &0 mb
Leakage ~ 0.1 cu.ft./hr. at 30 mb
Oreration - electrical command, remote (opticnal), self regu-
lating (meckanical desirable), full open to clcse
less than 2 seconds, full close to open lecs than
1 second,

Regulation - setting renge - & to G0 mb

opening tolerance -

i1

mb from setting

closing tolerance -

i+

© R

mb from setting

response tige - 2 sec, open to clore

2
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repeatability - 0.5 mb

vower requirements - DC, 36 watis for clectrical control valves;
spring, hydraulic for mechanical,

3. Powered 2-cycie mass expulsion system (compressor)

(a) Air ballast valve - same as 1{a.)
(b) Power system

Solar cell orientation - cells should receive 30 percent of
sunlight energy for 10 hr,/day.

Power regulation - *2 volts of battery charging voltage.
Must detect and stop charging when batteries are fully
charged,

Power output - operate all instruments continuously. Must

be able to compress ballast bag at least once every
24 hours,

Duration of operation - 30 days.

(¢) Compresscr

Control - vurn compressors on and off by remote command at
least five times during compression cycle of 1 hour,

Operation - must be able to fill bag within 1 hour at
operational altitude, and start and stop at least five
times during 1 hour compressicn cycle,

Back pressure - range: 9 to 60 mb, leskage less than
0.1 cu,ft./hr. at 30 mb.

Efficiency (motor and compressor) - at least 40% total ef-
ficiency; electrical efficiercy S0%, adiabatic compressor
efficiercy 8%.

Volumetr” -~ compression - capaclty-to-weight ratio -« 20 cu.ft./
min./1b. ’compressor and motcr total weight) at operational
altitude.

4, Powered sealed cell system (winch).

(a} Relief valve - samne as 2(a).

() Power system - same as 3{b), except main power switch is tc
winch contrecls,

treol functions - turn winch on and off remotely at least
five times while ballast bag is rising during sunrise
ffect (L hour), Engege and disengage clutch to winch at

imes while balisst vag is raised or lowered.

o~
o+
4
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Operatlon - naul bars fror lowest lovel 1o hiphest within
1/2 hour a2t operational altltude., Be able ic siart and
ttop al leact Ilve timoo during 1 howr sunrice effect.
Be able o haul in or pay out line and not consume ap-
precizl.le power when paying out catle,

lectrical greater than 50%;
than 0%, total greater than L45%.

Haul-in =t.ongth - 40 1o 300 pounds depending on bag size

(the greater the haul-in ctrength required, the less
haul-in speed zand dictance required),

Drum capacity - decpends on bag cize {for example, a 25-foot
radiuc, 2-mil Mylar, air bzllast bag at 80,000 fzet re-
quires 5,000 feet of 1/1 " diameter, 1 x 7 steel cable).
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D,  INSTRUMENTATION

N
i

During balloon acscent tc operating altitude, the bolluut syctem instru-
entation must withstand the environmental extremes of inhe atmosvhere and
periorm accurately for extended veriods at operating alititudes, These ex-

remes range in temgperatures of +110°F t¢ -90°F, prescures from O to 15 psia,
and humidity from 10 to 100 percent RH. Therefore, it is nccessary to ensure
that the measuring *ransducers are designed with corpensating networks in the
instrument package so [hat they can accurately measure parameters under all
gxpected conditions, For example, resistance strain gage circuits can be de-
1 i eme accuracies but if the effects

2!

i,

ot

Zigned to meazsure absciute p i T

of terperature changes are not concidered, errors as high as 15 tc 20 percent

car. result, Sensors are often designed 1o operate with relatively low exci-
r al amplifier networks which campensate for the

- Rl Ued N 3
sult of transducers
guizrs T Systoms, as
ot opra fic instru-
3 - 3~ 2 H
is dep size of the
erl an amplitiers
s

.

aaver uracies,

1. Temperature (Ambient 2nd Internal), A S-mil thermistor bead is
conzidered the becy mears for accuraieiy measuring air tenperature. Due to
its smell size, a temperature resronse tize of less than .5 second can be
expected, In addilion, it can accurately measure ajr tamperature by con-
duction with litzille or no effect frn heat lczs or absorption by radiation,
Accuracies to =C.5°F can be obtained through proper compsnzated bridge net-
vorks ané operationzl amplifisrs,

o
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Care chould ve taken wnen designing tne thermistor bridge circuit to
encure that the heut Jdiccipaiion constant is not exceeded over the entire
temperature range to Lo mealured, Exceeding this limit causes internal
heating of the thermi.tor thereby inducing errors in the output reading.

Since thermistor beadc arc small and fragile, they must b2 housed in
protective cagec that prevent breakage from buffeting against the side of
the bag or balloon during inflation, handling, or launching. The protec-
tive cage shouldbe decigned to allow the maximum exposure of the bead to
the free air or gas, butl not cause the bead temperature reading to be af-
fected by the radisztion or conduction heating from the cage itself, A
report by Lucas and Hallt on rechrniiques for measuring balloon gas tempera-
tures with thermistor beads describes in detail design and fabrication
techniques for mounting thermistor beads and associated circuitry.

Tnermistor beads range in price fram $30.00 to $60.00, depending on
mounting cptions, and are negligible in weight. Bridge circuits and as-
sociated operational amplifiers for thermistor beads are cbtainsble from
some tead manufacturer or may be designed Irom off-the-shell conponents.
Estimated costs for bridge networks and operational amplifiers range
between $200.00 to $300.00. Since a thermistor bead is a sensitive element
which changes with tempera.ure, continuous resolution is obtainable within
the temperature range of interest,

2, Ambient Air Pressure. Ambient air pressure can be measured by
several means such as a bellows or a s--essed diaphragm coupled to a trans-
ducing element. Techniques for this type of sensor include the use of a
strain gage, & mechanical linkage tc & linear potentiometer, a coil to
produce a variable reluctance, a bridge to produce a variable inductance,
and detection of capacitance between the diaphragr to an adjacent electrode.
Another basic sensor scheme employed in a hypsometer involves the boiling of
a liquid and detection of the temperature of the resultant vapor.

Among these transducers available off-the-shelf, the one which seems
best suited for meeting the requirements of an air ballast system is a ~olid
state piezoresistive riessure transducer which utilizes the strain gage
principle., The model 4715 pressure transducer by Conrac Corporation is able
to obtein an accuracy of zl1 mb over a possible range of 10 to 1013 mb.

The unit consists of a silicon pellet which is evacuated in the center
to & near vacuum. An arrsy of resistor strain gages are mounted on one of
the outside surfaces of the transducer. From the arrsy, four resistors are
selected for a bridge circuit., The selected resistors are in & row across
the surface, two of which are in tension while the other two are in compres-
sion, As the atmospheric pressure changes, a corresponding change in
resistance occurs acrcss the tridge circuit, The remaining resistors of the
array not used in the bridge circuit are reglected.

*Lucas, R. M. and Hell, 3. H., The Measurement of High Altitude Balloon Gas
Temperatures, A. D. Little Report No. V, October 1966, 1p 5-1%
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Licted are . ome of the portinent characterictics of Model hy
Ringe - O to L pola
Accuracy - £0.2% full scuale
Resolaetion - continuous

Temperature range, compensated -65

ot

-l/B“

£

Size - lameter; 1" long

P

Weight « 3 ounce:
Cost - $.50.00

Available with the pressure transducer is a W7159H High Level Operational
Amplifier which is matched to the L715 pressure transducer, The amplifier
costs approximately $500.00 and hac an output of O to S vdc over the full
scale of the transducer.

3. Differential Pressure, The celection of the differential pressure
transducer depends on the range of cifferential pressures expected on the
ballast bag. One type of differential pressure transducer which appears
suitable for most air ballast applications and is available over most ranges
of interest is ihe Model PL283TC by Statham Instruments, Inc. This trans-
ducer utilizes a sirain gage coupled tc a flexible sensing diaphragm which
measures the pressure defllecting it,

The following performance data is advertised for this model transiucer:

Range - O to 1 psid {0 to 69 mb) Mocel PL283TC i- 350

0 to 0.15 psid (0O to 10 mb) Model PL283TC-0,15-350
Accuracy - *0.75% of full scale
Size - 1.75" x 1,25" x 1.L4"

Resolution - continuous
Response - less than 1 ms

emperature range - ~<5° tc +250°F

-3

jeight, - 7 ounces

=

Cost - $450.00

A Yodel SA23~3 amplifier ma*ched to the Model L283“C transducer with
an output range of O to 5 vdc is available for $350.00

L, Load Cell. Tne selection of 1load cells 10 measurc we

—"’""'—E""“"

cell ight or 1ift
of the ballast bag Jdepends on the size and mission of the bailast

system.
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There are many types of loau cecllc, many of which use strain gages or
variable inductance circuilt. for transaucing exerted loads on the cells,
While load cells can bLe found which meet the requirements of most ballast
systems, of primary interest are those models which are relatively small
and lightweight,

For example, West Coust Research Corporation produces sirain gage
load cells, models 33, 3k, 37 and 33, which can cover a number of load
ranges with accuracies better than 10,5% of full ccale with continuous
resolution. The following general charascteristice are advertised for
these models:

Weight - 3 to § ounces

Size - 1,5" dismeter, 2.5 - 3.%" long
Temperature range - -100 to +450°F
Price - $360.00 to $475.00

The vendor also has available Ampleducer models matched to these load cells
which can provide a O to 5 vdc signal for approximately $200,00

5. Instrument Package. One factor which becamc apparent during the
sensor survey was the generally small outputs from most strain gage trans-
ducers, Normally, with an excitation of 10 vdc an ou*put of 20 milli-
vclts over full scale can be expected, or for every volt cf allowable
excitation on the bridge circuit, an output of 2 millivolts full scale can
be expected., Since in some cases resolutions on the order of one part per
thousand are required, the circuits external to the sensor must be cgpable
of resolving 20 microvolt steps for transducers with 20 miliivolt full
scale outputs. Under ideal conditions this is difficult but when the
factors of temperature, pressure, and humidity are considered, the resolu-
tion problem is compounded, For this reason, it was decided that the output
voltage of eech sensor should be amplified, ard that the simplest approach
would be to purchase a corresponding amplifier with each transducer. This
would provide a O to 5 vdc oucput compativle with the input requirements
for standard telemetiry equipment. The amplifier, therefore, should be
matched to the truasducers, For example, if the transducer output is linear
cver full scale, so should the amplifier output.

Pigure 2-1 shows a proposed block diagram of the data gathering system,
Bach sensor has its own corresponding amplifier which provides a 0 to 5 vde
output. The ocutput fram the amplifier is fed to an accurately calibrated
VCO which has & standard IRIC center frequency and deviation, VCO's which
can resolve one part per thousand or 5 millivolts in 5 vde are not un-
common. Selection of a standard IRIG channel permits operations at any of
the many government test ranges. These sites normally countain the necessary
GS™ equipment required to extract the data.

2.1k




!

I
Ef
I
=

AMBIENT
AR

BALLASY
BAG GAS
TEMP.

COMMUTATOR

AMBIENT

AIR
PRESSURE

-l —————

(OPTIONALY| 1RIG#2

OPERATIONAL
AMPLIFIERS

Figure 2-1., B3Block Diagram of Ballast System Telemetry Sy

The block diagram shows = system utilizing a single IRIG channel,
commutator switches from one sensor to another thus allowing seguentizl
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readings in the order programmed by the commutator, The commutator may
be a stepping switcen or a revolving drum which ic divided into the re-
quired number of sector: and the signal picked off from a wiper., Since
a relatively small smount of deta is required, a low data transmission
rate on the order of 10 to 20 bits per minute is permissible, It may
be desirable to read ballast bag differential pressurc on every other
reading since this measurement changes rapidly when the btallast system
changes altitude or when the ballast valve is opened.

A 1680 megshertz FM transmitter is recommended to be used for this
system. If the balloon system can carry a transmitter which can handle
more than one IRIG channel for the ballast system data, it may be desir-
able to use a separate channel for differential pressure, as indicated
in PFigure 2-1, Other data, such as temperature and ambient air pressure,
does not change as rapidly, thus they may be commutated on the other
channel.

E. BALLAST BAG VALVES

A ballast bag valve can serve two basic purpcses. The first is to
exhaust all pressure from the bgg, such as for the mass expulsion ballast
system, The second is to regulate the pressure within the bag to prevent
pressure buildup from exceeding specified limits, such as in an ascending
sealed cell ballast system, In either case, it is desirable to design a
valve that is lightweight and reasonably uncomplicated for high operational
reliability, Therefore, if a ballast system requires both functions, such
as a mass expulsion system, & single valve designed to serve both functions
is desirsgble.

The size of a bellast bag valve depends first on the mission and
secondly on the size of the ballast bag. The requirements of a ballast bag
valve for a mass expulsion system will be examined first, Its prime
mission is to valve out air inside the bag so that the differential pressure
on the bag is reduced to zero at the time the sunset effect takes place on
the main balloon. The secondary mission is to bleed off alr while the bag
is ascending to operational altitude if the bag becomes overpressured due
to teing filled with too much air at lsunch., Assume for now that the excess
amount of air inserted into the bag is small and that the flow rate of air
required from the bag while ascending is equal or less than the flow rate
required for ballasting within the time interval for sunset effect, The
flow rates required for ascending ballast bags with excess gas will be dis-
cussed later.

From past experience it was ncted that sunset effect takes place within
1 hour but that the majority of the lift loss of the balloon takes place
within 1/2-hour after the sun sets. Therefore, the valve should be large
enough to allow the bag to lose most of its pressure within 1/2-hour., At
the same time however, the valve should not be too large as it requires more
power to operate az larger valve, Also, a large velve is more difficult to
febricate and seal tightly than a small valve with the same back pressure.
It is therefore desirable to determine the minimum orifice dismeter that can
exhaust the ballast bag to a sufficiently low pressure in iess than 30 minutes.
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A. 2 conservative appreach accume the gas in the bag expands adia-
batically, as thic type of expansion yields the lowest flow rate. Actu-
ally the expansior is polylropic since a continual heat excnarge ic
occuring within the bag from the convective heat transfer with ambient
air and radiation heat tranzfer to and from the earth's surface. Appendix
A cutlines the theory for exhausting pressure in vessels through circular
orifices. Table 2-2 was determined assuming that the bag 1s sufficiently
exhausted if its pressure after 30 minutes iz between O to 1,0 percent of
the pressure before the ballast valve was opened.

TABLE 2-z BALLACT BAG VALVE ORIFICE SIZES FOR MACC
EXPULSION AIR BALLAST SYSTEMS

Ballact Bag Valve Crifice
Diameter (ft.] Diameter (in.)
100 6.5
80 4,6
60 3.0
L0 1.6
3C 1.0
20 0.6
10 0.2

Using this same technique let us now look at the ballast valve re-
quirements for an ascending system with an excess amount of gas in the
bag. For most balloon systems, no matter how much free 1ift is in the
system, the maximum ascent velocity is on the order of 1,000 to 1,200
feet per minute., In addition, as is discussed in Section IIIB concerning
the launching and handling of various vallast systems, the smaller the
ballast bag the more excess gas in the bag, especially for helium-filled
segled cell systexs.

Appendix B discusses briefly a method for determining the required
orifice size of a relief valve for an ascending ballast bag. Table 2.3
wvas formulated to give = general range of valve sgizes required Tor various
size bags. Note the wider range of valve size requirements, This range
is attributed primarily to the assumption that the percentage of excess
gas 1s the same for all sizes of bags. Actually, for the largest bags,
the percentage of excess gas would be much smaller and correspondingly so
would the relief valve size,
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TABLE 2-3, RELIEF VALVE CRIFICE SIZES FOR
ASCENDING BAILLAST BAGS

Ballast Bag Valve Orifice
Diameter (ft.) Diameter (in,)
100 13.3
50 3.84
16 .596

Since the pressure inside the bag is nearly the same everywhere on the
surface, the valve can be mounted wherever convenient. Since power may be
required for the valve, it may be preferable to locate it as near as possible
to the power supply in the payicad of the balloon system so as to minimize
line voltage drop. Depending on the weight penalties and size of the bag,
it may be desirable to mount the valve directly on a reinforced patch to the
skin of the bag, If the bag has a metal fitting with a removable plate on
one end, it would be best to mount the valve to the metal plate.

The valve must have a positive seal to prevent leakage from the super-
pressured baliast bag and a conseguent loss of ballast, A rigid dome pressed
against a resilient gasket on e rigid flat ring is a successful sealing
technique for balloon valves. This technique is employed in the design of
the EV-13 helium valve which is commercially eavailable with a 13 inch diameter
orifice, The design can be modified to provide this type valve with the é.
inch, Y4-inch and 2-inch diameter orifices.

To date, there are relatively few commercially available balloon valves,
and it is felt those that are available require some modificaticn to meet the
requirements for a particular air ballsst system. For example, Stratotech
Company of California produces relief valves for superpressure ballcons,
These valves range in orifice size from 15/16 iaches to 2 inches in diameter
and work mechanically with preset springs. They can be set for operating
pressures from 10 to 60 mt with accuracies of #10 percent. For small bags
of 25 feet or less in diameter, this type valve is suitable. The valve has
a release button allowing the valve to be opened manually, It can be opened
electrically if modified by a solenoid plunger or & small motor driven
linear actuator. A relief valve of this type weighs a few cunces, including
the mounting and hardware, Excluding the cost for modificetions, prices of
these valves range from $2.00 to $25.00, depending on quality and accuracy.

A mechanically operated relief valve modified to be electrically actuated
is suitable for gll types of air ballast systems. However, due to the in-
herent inabiiity to operate sccurately at small differentizl pressures,
mechanical valves do not at this *ime appear to be feasible for use with large

2-18
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ballast systems which operate at low pressures (10 mb or less). There-
fore, it is necessary to design an electrically driven valve which can
work in conjunction with a low differential pressure transducer. The
pressure transducer can monitor the pressure and with appropriate cir-
cultry automatically command the valve to open when the pressure inside
the bag exceeds a specificd value. If the dome is mounted toward the
interior side of the ballast bag, the pressure in the bag exerts a
sealing force on the dame. In this position the valve would be required
to open against the ballast bag superpressure to exhaust the air ballast.
The maximum force on the dome (the product of the maximum superpressure
and the orifice area) is less than 4 pounds. The motor actuator of the
EV-13 type valve can drive the dome with up to 25 pounds providing an
ample safety factor to guarantee the capability of opening the valve
against the ballast bag pressure. The drive motor requires a 12 vdc
source providing 3.0 amperes starting current and 1.0 ampere running
current, Balloon manufacturing techniques are available for mounting
valves of this size and weight in balloons for superpressure use without
degradation in the performance of the ballast bag.

A complete G6-inch valve could weigh around 4,0 pounds with the
2-inch valve weighing only slightly less, In units of one or two each,
the cost of the valves would be approximately $1,000 due to limited pro-
duction and precision fabrication, Cost of the controlling circuitry and
pressure transducers would be extra,
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SECTION 11X

FLTI@T STSTEM CONFIGURATIONS

A.  GENERAL

Two major problem: must be considered in the confipuration decign of
air ballast controlled ballocn systems., The first problem ir to minimize
the load stresses exerted on the ballast bag during launch and flight of
the balloon system. A cpherical shaped, superpressurs balloon does not
lend Itself to directly cupporuing leads either due teo its own weight or
for payloads slung underneath, as does a natural shape or cylindrical
balloon, ILoad strecc on a balloon fabric is a I .nction of the balloon
cone angile, # . Tne smaller the cone angle, the cmaller the ioad stresses
on the ballocn fabric. OJince the bottom cone angle of a spherical ballcon
is nearly 180°, if a load were -uspended there, the lced stresces exerted
on the fabric near the Lottom would become very large or else the bag
would be distorted, thus reducing the volume of the bag. It may be de-
sirable to use load tapes attached slightly be.ow the mid point of each
gore of the ballast bag as shown in Figure 3-1. In this manner, the cone

Spherical Superrressure
Bag

Tangential Stress

Load Tapes

Load Anple {fone Angle)

,//"///

("

|
|
}
!

¥ {Load Ferce)




angle, or in this case the lcad sngle, 8, can be decreasel, thercby al-
lowing the faubric load siress to be decreased. The total linear stress,
Stotals Ot the valloon fabric is equal to the sum of the load stress,
$load, Plus the cverall stress on th: bsg fabric, s _, due to differential
pressure, thet is, Stotal = Sload * S,._. In Report Ne, 1, it was shown
that the payload capability and fligh Peontrel of a bailoon i gkt train
with an air bailast system is greatly affected by the maximum allowable
differentisl pressure in the ballast bag. Therefore, since the maximum
allowable differential pressure is proportional to the maximum seilowable
overall stress, s , on the balloon due to differentail Dressure, Sigad

A
skould be minﬁm;zeg. Fram Filgure 3-1, we see that

2 mr cos(8/2)sy q = F/cos(8/2)

or Sload = 2
Sy 0032(0/2)
where,
8load = linear load stress on bag fabric (ib./ft.)
F = load force
r = bag radius
6 = load or cone angle

By minimizing load force, F, and by decrsasing cone angle 8, s, a
can be minimized, As 6 =0, then sy, - F/2 » r. But to decreaégag,
we need to lengthen the lcad tapes., There is a point of diminishing
return using this approach since the lcnger the load tapes, the more
dead weight we place on the ballast system rov suspeading the balilast bsg.

s¢, excessively long load tapes greatly increase the iength of the
flight trsin and correspondingly the launching and handling problem for
the entire balloon system. Thererore, concentration chould be placed on
decreasing the load force, F, as mach as possivle, and designing the
length of the load tapes for the ballast bag suspension system so that
the cone angle is decreased to where the dead weight of the suspension
for the btallast bag and the launching and handling problems are not
appreciably increased.

The other majJor problem to he considered is the launching and hand-
1ing techniques that are required for a particular design of & balioon
system flight configuration. For example, the use of long load tapes
helps decrease the load stresses on the ballast bag, If ihe instrument
payload were suspended dir2ctly beneath the main belloon, and the tallsst
bag with long load tapes were suspended under the payloed, thers could be
& problem in erecting such a system, In this configuration, the heavy
payload would be suspended high off the ground at full system erection,
Any appreciable winds or gusts would meke it difficul:r to control the
flight train pricr to launch,
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fhe followin. paragry >h; Ilocucs poooivle flight confijurationc,

and possible handling and nching methods for cich group of ballact
syctems,  Within each N[OHP tno"e flight configurations whicn lend thoem-
cvlvers to conventional handling and launching techniquec are discusse
rirst, Thic includez the uce of launch roller arms for inflating single
cell poly balloong, payloadc cucpended on boom cranec, and the conven-
tiona: launch of single cell ballcons, For each flig ht configuration,
inflation, ecrection, and launch techniques which apprer tu be the moct
practical utilizing cxisting squipment are covered.

Por large ballast cyctems wnich cannot be handled and launched with
egular egquipnment, poooivle flight configjurations and handiing and
launching tech n_au ¢ which may be ucsed are discussed briefly. inooc

H

areaz which reguire development in fabrication, additicnal launching
eguipment, and area. for further study in developing handling and
iaunching technigues 1or large ballast syctems are indicated.

tx!

. AIR-FILLED MASS EXPULSION AND SEALED CZLL ATR BALLAST SYCTEM

¢ difference between the mass ex-
ballast system is method of operation;
ated by the sans illgbt configura-
ed with air ha° a positive displacement
the ballast bag ve suspended fram the
own in Figure 3-2. The launching and

deal Flight Configurati
ulzicn 3nd air-filled ¢
owever, both cystems can be 2
ince a ballact bac ll

appears logical that
om of the flight train, as

s”q»4

t
. e

I)

¥ain Ralloon Exhaust Muct

\/°

Parachutes

Instrument
Payload

Air PRallast

Val
Load Suspension atve

Tapes

3allast Bag
(Fully Pressurized)

Figure 3-2. Flignt Configurat:og for Air-FilleZ
Ballast Beg Flight Systen
-3
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tandling of this type of fiight configuration ir zimilar tc a regular
tailoeon Tflight system with the exception of the large volume ballast

bag as part of the payiocad.

The logd stress exerted on ithe ballast bag ic attributed only te
the displacement weight of the ballast bag {(bag weight » air ballast
weight). The only other location Tor the ballust Loy on the flight
train that could reduce this load stress is on top of the main balloon.
However, if the ballast bag (which always has a positive displacement
weight) were on top of the main balloon, there would be 2 handling
problem for the top-heavy main balloon during the inflation and erection
phases of the launch., Alsc, there would be a tendency {or the ballast
bag to roll end shift about unless it were tightly held down to the main
balloon by support tapes. 1In this case, however, the stresses for re-
straining the balloon wouid be as high or higher than those experienced
by the bag suspended under the payload.

Typical load stresses that might be experienced on the ballast bag
for the flight configuration shown in Figure 3-2 will be examined,
Assume a 2-mil 25-foot radius, Mylar ballast bag fully pressurized at
80,000 feet. From Report 1, it was found thav:

W, (bag weight) 115 pounds

n

Ay (air ballast displacement weight) 36.6 pounds

F (total force) 151.6 pounds

Assume that the suspension tapes on the ballast bag sre long enough
D g

tc give a load angle 8 equal to 40°. Using Figure 3-1, the length of
the load tapes are approximately,

25 feet = 69 feet ,
tan (540°/2)

The distance (L) {from the top of the load suspension tape tc the
bottam end cap) is determined by the following formula:

L=1r+ r =25+73=108fe{f,
sin §/2

The linear load stress (Sload) on the ballast bag fabric is given by:

s _ F - 151.6

load = = = 1,09 1b./ft.
Z v costd/2 2 - 25 - cos® (L0°) /
A0 )

<

The total allowable linear siress on the ballast bag material has
been given as 240 1b,/ft. Hence the allowable stress for differential




pressure, s , is reduced by a tactor of less than 0.5 percent. Therefore,

A
for this fliggt configuration, the ballasting capability of the ballast bag
decreases by only a negligible amount,

Inflation Techniques. Now consider some of the launching and handling
problems associlated with this flight configuration. One of the more popular
methods used by the Ailr Force for launching and hendling reasonably small
payloads on single cell poly balloons involves the use of an inflation
roller arm to establish the bubble during inflation. The payload is often
made up of a series of small instrumeni packages fastened to a load bar,
which is held up by & boom crare, 15- to 25-feet high, depending on the pay-
load size. The paylcad and balloon are tied together through a set of
parachutes, which are used for descent. A typical configuration is shown in

Figure 3-3.

P S ok D

Figure 3-3. Typical Inflation Configuration of
Simgie Cell Poly Balloons

Once the poly balloon is inflated and allowed to fly up out of the
rcller arm, the flight train is ~rected and the system is ready to be dy-
namicelly launched. While still holding the payload, the crane moves down
wind with the entire erected flight train. The payload 1s released when
the main balloon is directly over ihe pavload, At this point the system
is launched and begins Lo ascend. Thls type of launch i5 wind limited, pri-
marily, to the top maneuvering speed of the crane holding the payload.
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Handling Techniques. Acsuming a launch technique just described is used
for a payload conteining an air-filled ballast bag, several protlems such
as how the ballast bag can be filled with air, attached to the load bar.
and handled by the boom crane until launch must be considered. Consider
the previous exampie using a 25-foot radius ballast bag. The total length
(L) of the ballsst bag system suspended under the load bar is more than

100 feet long wnen fully deploysd at operating altitude. When the ballast
bag is on the ground, the volume of air in the bag is considerably smaller.
Hence, the bag should be filled with enough air so that it is full and
under proper superpressure at operating altitude., The excess fabric of the
ballest bag and its suspension tapes cen be folded up for lawnch, In the :
example, the bag is to be fully superpressured during the day at the ’
operating sltitude of 80,000 feet., From Report No. 1 it wzs found that a 25-

foot radius sealed cell bag will descent from 80,000 feet to about 75,000

feet during the night, at which point the bag will have zero differential

pressure, A unit volume of air at sea level expands approximately 22 times

at this altitude, Therefore, the radius of a bubble of air increases by a

factor of 3v22 = 2.6, thus the required diameter of the air bubble in the

25-foct radius ballast bag on the ground is about 18 feet.

It is possible to launch an empty ballast bvag and £ill it with air
while ascendiing to coperating altitude by means of air scoops, pressure
tanks, or other similar devices, However, severe weight penalties and con-
trol complications would be added to the ballast system. Also, there are
additional problems of ensuring that the proper amount of air is inserted
into the ballast bag and that the air valve closes at the proper time and
does not leask out the superpressured air, It is therefore suggested that
a sizpie and more reliable method for ensuring that the proper amount of
air is in the ballast bag is to insert a metered amount of air while the
bag is on the ground.

One method for filling the Ptallast bag while on the ground and attach-
ing it to the lced bar is shown in Figure 3-4. A ground cloth is first
laid out underneath the load bar that is held up by a boom crane. A light-
weight net is placed over the ground cloth, The ballest bag is partially
spreed out on the net, and its suspension lines are tied together on a ring
fastened to the load bar. On each corner of the net are smsll rings or
loops which permit ground crew personnel to 1ift the net on each corner snd
tie the corners together with a single loop of nylon cord onto the load bar.
In this fashion, the ballast bag is cradled inside the net, The inflation
hose is left hanging out the net to permit the ballast bag to be filled,

The netting sround the ballast bag performs three functions: first, it
provides a method for folding up the excess bag fabric and suspension tapes,
and restricts the length of the ballast system during launch to asbcut the
diameter of the required bubble of air, Second, it keeps the ballast bag
buvble in g reasonadbly firm shape, thereby reducing wind drag force on the
peyload during launch., Third, it prevents the bag from sailing during
inflation and launching,
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Figure 3-L4, Inflation of Ballast Bag with Air

Figure 3-5 shows the configuration of a partially inflated ballast
bag bubble suspended on the load bar while the main balloon 1s being in-
flated, The nylon cord used to tie the corners of the net onto the locad
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E bar can be threaded thrcugh an explosive line cutter, which sllows the

% net to te remotely released ané the ballast bag to fully deploy after

% the talloon system is launched., The line cutter squibs can be activated
E by e transmitted signal to the instrumert package. However, for simplic-
g ity in launch procedures, the squibs carn be autormatically Tired by the
z closing of a baroswitch set for a few thousand feet above the ground

lavel, Another method for autometically releasing the net is to have a
-ong line fastened to the ground and connected to a pin puller on the

load bar. After launch, when the payload is well ebove the ground, the
line pulls ocut the pin and releases the net. The net can also be con-
nected to the ground line to assure that the net will pull off the tallast
vag «nd not hang up on the peyload,.

i

(e SR e S S

e L T A B A N

"
<}

4o

R

e




Lt il Ll

LT TS e Syt s Wouos b T3 11 | b e gt Loaom i Al P

"y

Net Squib Relesses Main Balloon

f
W\

Instrument
Payload

\

N
—“;aﬂ!’

v Fxcess
\\‘ ~
‘ n— Fabric 558

& Suspension

} | | Tapes

’//,//’ 4 /' Parachutes
Inflation Hose Nl ::i;7

Net

Wind
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Figure 3-5, Handling of Air-Filled Ballast Bag During
Inflaticn Phase of Main Balloon

Restrictions. The size cof the *sllast bag bubble depends on both the size
of the bag and the operating altitude of the balloon system. As demonstra-
ted in Appendix C, a crane with a 30~foot boom and 10-foot extension can
handle bubbles ranging in size up to 20 feet in diameter, However, ballast
bags vwhich require a bubble of air greater than this diameter do not lend
themzselives to the procedures and techaiques just descrived, Table 3-1 lists
the size restrictions for this launch technique,

TABLE 3-1, LAUNCH RESTRICTIONS FOR A 40O-FOOT BOOM CRANE

Dayt ime Radius of bag with 10° Opt Imur bag size
operating radius bubble on ground radius (ft.)*
altitude (ft.)
{1000 ft.)
60 21,k 15
*TO 2h.8 a5
80 28.8 35
90 3.8 50

¥From Table 1-1

#*#Note that for operating altitudes up tc 7C,000 feet there is no restriction
on size of the ballast system tnan can be handled by a crane, since the opti-
mum bag sizes up to 70,000 feet operating altitude require bubbles less than
20 feet diameter on the ground. TFor operating altitudes higher than TO,00C

feet, it 1is necessary to consicer other flight configurations and lsunch tech-

niques for large dallast cystems with bvags greater than 50 feet diameter.
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Lawnching Larse Balla.t Oy, temc.,  If it were decirable to use the same
Flisht confipguration for larpe ballact _ystems ac for cmall ballact,
cystoms, a static launch might be employed, With thic method, the main
tulloon ic allowed to erect the flipnt train with the payload to a launch
confisuration as chown in Firure -0,

'\l‘{ ///// // /// Main Balloon

@

[

¥ Yarness Around
© | Poly Ralloon
H

Parachutes

|
i
{ Load Mainstay
: Bar ’////////’Cable
Nvlon Rope ::if::E; ’///
\ N
I‘
3\

Mainstay
Vehicle

Balloon Serim

Net
4 Ballast Rag
< RBubble
3 7
=

S .
/4 Restraining

Padding Lines Padding

Figure 3-6., 3tatic Launch Configuration for large
iz

Air-Filled ial
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The harness or girdle around the main balloon holds it in a firm

e and provides a convenient attachment pcint for the mainstay cable
ncld the balloon. wWunen the balloon system is ready to be launched, a
et o' squibs breaks apart the harness and allows the balloon to be re-

leased foom the mainstay while the harness falls clear.
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The wind restrictions for a statlc launch are spout the same or less
than for e dymamic lsunch, but the handling procedures are more compll-
cated, For example, if the largest available crane can hold the payload
orly 230 feet above ground and the bubble is 40 feet in diameter, it is
necessary to suspend the load bar below the level of the top of the tel-
last bag bubble while the main balloon is being inflatedé. In this case
TWC cranes are proposed to restrain the erected pay.oad instead of ground
anchors,

Restraining lines fastened to the netting should be used to hcld tne
bubble over the ground cloth., When the main balloon is fully inflated,
the launch arm releases the main balloon, which is then held down by the
mainstay cable. The mainstay vehicle then pays out mainstay cable, allowing
the whole flight train to be erccted. When the flight train is erected,
the cranes can pay out the cables . tached to the locad bar, allowing the
flig.t train to hoist the Load bar above the ballast bag buoble, When the
flight trein is raised high enough off the ground to 1ift the ballast bag
tubtle, the system can then be launched.

The primary purpose of the two cranes is to provide camplete control
of the paylcad on the load bar while the flight train 1s erected and to
suspend the load bar as high and near as possible to the top of the bubble
s0 that the fiight train can 1ift off the ballast tag bubble straight up
without a twisting motion. Naturally the crane boomF should be well padded
for protection of the balisst bag.

The lsunch configuration of the flight train, as shown in Figure 3-6,
has +the mainstay vehicle pulling the flight train 5 to 10° from the vertical
into the wind. When the system 1is ready to launch, the mainstay cable end
harness gre first squibbed off, At this peint, the flight train swings up
with the wind tc a vertical position. When the flight train is fully
erected (straight up and down), the twc lines from the boom cranes to the
load bar are squibved off, releasing the payload. The restraining lines to
the ballsst bag net are then released at the ground, As the system rises,
& baroswitch closes at s predetermined height and squibs off the net, The
ret, along with restraining lines, falls from the ballast bag, which then
deploys tc its full flight configuration length.

Normally, static launches have more or less been restricted to tandem
palloon systems such as Stratoscope II, HAPPE, Project Voyager, and other
heavy pay.ocaed balloon systems, The harness around the main balloon would
allow ¢ single cell balloon to essume a pseudo-tandem balloon configuration,
thus allowing it to be handled like a tandem balloon, The harness concept
has been proposed previously, but to date has not been developed sufficiently
poly balloons., It therefore will be necessary to conduct a study and develop-
menz program on methods and launch equipment required for statically launching
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cingtle oo Do pely baltovin before farge ballact cy:teme in the flight con-
fiuration shown in Fijsure 3-u can be launched.

The dynamic launch of large air-filled ballast systems however, is
not conridered practical with exicting launch equipment unless a different
flight configuration ies uced. One possible configuration, for example,
which might be used with exicting launch equipment, is to have a center
load cable running through the middle of the bag, suspending the bag he-
tween the bottom of the flight trai: parachutes and the payload. The
ballact bag could be con.trained in a sausage-like fashion by a sheath or
netting while pariially inflated -7 the ground, as shown in Figure 3-T.
In tnis manner, the ballast bag becomes an integral part of the entire
length of the Tiight train which can be erected and launched in the usual
manner for a dynamic launch.

Bag Sheathing

\

Parachute
Risers
Suspension
Tapes
Payload Inflation Hose Load Line Through
Center
—~ /‘-\<\¢’.\:

Figure 3-7. Inflation Cunfiguration for Large Air-Filled
Ballast Bag Suspended Abcve the Psyload

Several complications become apparent with this type of configuration
which may preclude further development in this area, The main problems are
the control of the large bubble held in ssusage-like fashion when subjected
to wind forces during erection, and the excessively long lengih of the flight
train when the ballast bag is suspended between the main balloon and the
instrumert payload. For example, a 100-fool diameter balliast bag flown at
30,000 feet, has to be inflated to a cylinder about 10C feet long and about
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12,5 feet in diameter before it is launched. The flight train will be
more than 100 feet longer than normal, making it difficult to keep the
main balloon directly over the paylcad. While the crane is maneuvering
about for a dynamic launch, the lower part of the flight train is buf-
feted by winds which are more likely to differ fram those winds on the
main balloon 150 to 200 feet higher, Hence, it is felt this system is
definitely more wind limited than the static launch, Another problem
to be considered is the fabrication techniques required to build a
superpressure bag with a line runring through it and methods for sup-
rorting the bag without setting up excessive stresses on the end ceps.

In conclusion, therefore, it is felt that air-filled ballast sys-
tems flying less than 70,000 feet or smaller than 50 feet in diameter
can be handled and launched dynamically with existing equipment. ILsrger
systems require further study and development in the static erection and
launching of single cell poly balloons. At this pcint, it is believed
that static launches are more promising than development of new flight
configurations for dynamic launches of large air-filled ballast systems.

C. HELIUM-FILLED SEALED CELL BALLAST SYSTEMS

Ideal Flight Configuration, Since the helium-filled sealed cell ballast
system exerts & gross Lift, it appears logical to suspend the ballast
bag above the main balloon in the flight configuration as shown in
Figure 3-8. Depending on the weight and size of the bag and the amount
o. helium, however, it may or may not have a net lift when flying at
altitude, If the bag should have a positive displacement weight, even
when filled with helium at operational altitude, it will have a tendency
to flop to one side and rest on top of the main balloon as shown in
phantom detail on Figure 3-8, Though it is not known what stresses may
be imposed on the ballast bag or the main balloon when this phenomenom
occurs, it is not believed to be a grave problem, Heavy loads on top of
zero pressure balloons have been successfully flown bvefore without un-
usual stress occuring on the balloon fabric, As for the ballast bag, if
part of its weight rests on the main balloon, then it is logical to
assume that the stresses exerted by the load tapes on the bag are not
any higher than if the bag were suspended below the flight train. Since
the bag does contain helium, however, if the bag does have a positive
displacement weight, it will be less than the weight of the empty bag
and most certainly less than an air-filled bag.

Before proceeding on this point, consider the operation of the
sealed cell ballast system, If the proper amount of helium is injected
into the bag at launch, then, when the system reaches its design daytime
altitude, the bag will be superpressured tco its design limit., Addition-
ally, at night when sunset effect occurs, the system drops 4 h feet to a
specific nighttime operating altitude, hp, If the amount of helium is
correct and the system designed properly, the bag will be fully deployed

3-12
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Figure 3-5. Helium-

and have no superpressure at night, pro
This means that the correct amount
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the following formula:

LAy

d superheat.
iuwn to be inserted into the bag

. FPree 1ift can also bte determined
st bhag at night, assuming zero
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g 1o tpe cpecific 1ift of heliurm at night operating altitude
L (1v./cu.tt.).

The weight of the bag, neglecting weight attributed t¢ fittings and sus-
pencion tapes, is given by:

Camatha da i

where

! ~a hY

Wy is the £ the bag febric (ib./sq.li.}.

Q

The free 1ift of the bag at night {Fb2) is:

o

= G -W.
b %2

2

If the ballast bag's {ree 1ift percentege cf its 35 weis

equal to or greater t'in the main talloon's free Lift percentage then tte
balloon system in the configuration shown in Figure 3-8 should experience
no ne« problems when erected, launched or while ascending, For example,

3 during erection when both the main balloon and the ballast bag are allowed
to fly up to the launch position, if the ballast bag's percentage of free
1ift is equel or greater than the main ballcon's percentage, them the bag
should never lag vehind the main balloon.

ht is

[¥]

:

3 (

Since it is common practice to law .. zero pressure bsglloons with
10 percent free 1ift, we ohall stipulate that the ballast bag have 10
percent or mose free 1ift when on the ground. Notice at this roint that
for a given operating altitude and bag weight, the net lifv oi the bag is
provortional to bag radius. Therefore, from the above forumlss,
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The minimm bag radius (rpiny) that satisfies this equation, can be
determined. From Figure 3-10 in Report No. 1, 4 h can be determined for
a sealed cell ballast system given a daytime operating altitude, h., and
bag radius. Given a bag fabric unit weight, Vi end by empleoying &n
iterative process, rpyj, c2n be determined for daytime operating altitude,
h,. For a given altitude, h; and r, the nighttime operating altitude, hp,
and the specific 1ift of free helium 81, can be found, Tabie 3-2 has been

~

made for Ipy,, &ssuming a 2-mil Mylar ballast bag (w, = 0.1L47 1b./sq.ft.)

with zerc superheat and superpressure at night and s free lift of 10 percent
or greater at launch.
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TADLE <=2, MINIMUM CLE BALLADT BAG «ADIX ©OR HELORS-FILLED CFALED CRLL
BALLACT OYOTEME

Day operating Night operating Trmin
altitude (hl) altitude {(hp) l
(moo rt.) x {10GC ©'t. ) . (ft.)
-
+.0 53.¢ ful
70 (2.7 3.9
80 7i.¢ 13.5
0 22,7 23.5
All systems with ballast bags having a radius larger than rpy, can be
filled witn the proper metered amount cf heiium and still have 10 percent
free 1ift vhen launched and when at altitude. Ballest bags with a radius
srialler than rpi, have to be filled with an excess amount of helium before

ved out while the system ascends to

o, of course, imposes an additional
allast system while ascending to altitude.
As the syctem ascends, i e bag is equipped with a self-regulating valve,
the cystem autowatlcal;y ses +tne excess helium when the superpressure
in the bag exceeds the allowable design pressure. The valve will have to
be designed to allow the maximum flow rate of gas out of the bag to match
the rate of change in differential pressure on the bag wrile ascending.

In azddition, the valve will have to be remotely controlled sc¢ that not too
much helium is valved out when the bag reaches altitude and the gas inside
the bag begins to superheat,

s
launch, and the excess nellun val
operating oltitade, This ti
cperational 2egquirement t

b

A

-

The ercess helium inserted into vags smaller than the minimum sizes
indicsted on Tabie 3-2 should noi be more than that recuired to give the
balilast bag L0 percent free 1ift, It should be pointed out that 10 percent
frze lifc is obtainab‘e fo” most bags on the ground, even bags as small as
two feet in diameter. he primary problem with small ballast bags that are
almost filled with heilum iz that a relatively high flc rate of excess gas
through the relief valve Is required when the balloon is initially ascending
at & Tairly bigh velocity. This flow rate, in turn, requires larger gas
valves in the bag and subsequently more dead weight on the system, thus
decreasing the overall system payload capacity.

For a sealed cell ballast system whose frec 1ift is 20 percent or
greater at launch, the launching and handiing problems are essentially the
same as for a dourle balloon flight train. In this case, however, the top
balloon (ballast tig) is a superpr2ssure bag independently fastened to a
zero pressure balloon (the main balloon). Once both t .llcon and bag are in-
flated and the flight train iz erected, the system ca.. be dynamically
launched in the usual manner as shown in Figure 3-9,
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igare 3-9. ILaunch Configuration for Ballast Bag rFilled with Helium

Now consider the load siresses exerted on the bag fabric when the bag
has the greatest smount of free 1ift. For example, consider a 2-mil, 25-
foct radius bag whose daytime operating altitude is 80,000 feet., At night,
when the system drops to a lower altitude {75,600 feet), the bag super-
pressure decreases snd its net 1ift increases, From Report Ho, 1 it was
found that:

|

G. (Night gross 1ift) = 192,7 1b,
19
2

W {PRg weight} 115.0 1b,

L

Fop = 77.7 1b.

-~

net 1ift of 25-foot
radius bag at 75,600
feet)

A
]

=
[0}




Fcllowing the example given in Uection IIIB with the some 40° load
an;sle, the linecar stress, sjcad, on the bag fabric is now cqual to 0.56
1b./f't., or a reduction of less than C.3 percent of the allowable linear
stress due to differential pressure (SAP) or of air ballast capability.
In addition, when the system rises teo its operating altitude during the
day, the net 1ift of the bag decreases, thereby reducing the load stress
on the bag fabric to a still smaller figure. Therefore it is concluded
that the flight configuration shown in Figure 3-8 has little effect on
the ballesting capability on the system,

Inflation Techniques. The primary problem for the flight configuration

just described is the method used for inflating toth balloons and erecting
the flight train., One mmethod for inflating both balloons is shown on

Figure 3-1G. A regular launch roller arm can be used for holding down the
main balloon during its inflation. The inflation of superpressure balloons,
however, rresents a slightly different problem if the bap material is Mylar.
Since pure Mylar film is more slippery than polyethelenc or scrim balioon
material, it is necessary to use & "Clutch Launcher” that can firmly .old
the material in place without the material slipping and minimize the

Ballast Bag Bubble
(7' - LO' Diameter)

Clutch Launcher

Inflation

‘/// Duct

Parachutes Main Balloon

Roller Arm
Launcher

Bag Suspension
Tapes

Figure 3-10. 1Initial Inflation Phase (Ballast Bag
Filled with Helium)
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stresses on the fabric. The "Clutch Launcher" (Figure 3-11) has been
used successfully by the Air Force for numerous superpressure balloon
launches and appears tu be an ideal launcher for inflating Mylar bal-
last bags with heliua.

Figure 3-1l. AFCRL Clutch Launcher Holding
Down a Juperpressure Balloon

Basically, the clutch launcher consists of two light, foam-padded
clutch blocks which pinch a loop of btalloon fabric. The balloon is
folded so that all seals occur at the outer edges of the rolded syclem
and the clamping blocks are located at these seals. Inside the loop
of balloon material is a padded lightweight roller which prevents the
loop of balloon fabric fram slipping through the clutch blochs. When
the superpressure ballcon is filled with the right amount of helium,
the clutch blocks, which arc held down by a ground line, are released
allowing the clutch blocks to fly apart and the roller to fly oyt. A
bungee line connected to the roller prevents the roller frum flying
out too far and striking personnel around the balloon and also allows
the roller to swing clear of thc talloon as it rises.
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The exact oequence ant timing fur inflatinge bollh alloons depends
greatly on the cize of the ballart tag and the reguired azcunt of heliws
in the bag at launch, For ballast systems operating at high altitudes,
a smaller butble of helium ¢ required on the ground before launch than
for systems operating at lover aititwlior, Even though Lt was stipulated
that the bag have at least 10 percent or more {rec lirt, dallast bags
with zmall net LIft will barely b able to Lift the ersad of the main
talloon. Alze far chers ballast bapgs with relatively seall bubbles of
hellun {#mall lallnst aysiems or those operating at high altitwdes),
there 13 the addlticnal preblem of the btag heraving liks a tetherwd
talloon buffeted cbout by winds vhile zurp aaded from the main talloon
during the ifaflation and flight train ecrecticn, The buffeting of the
ballast bag bubble ex=rts hich chearings stress on the zmain balloon until

the syster {5 lnunched,

herefore, it i preferable tiat the inflation of the dallast bag
and rmair balloon be completoad at the same time. A sheuth can be wrapped
arcuna the suspensicn taper and excess fabric of the tallast bag to vre-
vent 1% fram .allirg with the vini vhile the balloons are inflated and
erected. The sheath car e ripped off at launch by a rip cord, allowling
tre bag to fully deploy vhile ascending to altitude,

Wind >

,Yain Balloon

Sheath Around Tapes

Ballast Rap

Inflation
Heee

Clutch Launcher ——3W ™)

Ground Line Roller

Figure 3-12, Conflguralion of Fullast Bag Filled with Helaunm
Before Erection of Flight Train
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While the balluct Lag end the main balloon are inflated at the same
time, the ballast bag should be held as close as possible to the main
Lallocn while the top ritting of the balleon begins to rise. If the sus-
vension topes and excess bag fabric are long enough, th, inflation ~an
be accomplished as depicted in Figure 3-12, Otheri:ise the ballast bag
should first be fully inflated and slowly be picked up by & boom crane
and swung into position while the main bglloon is inflated and begins to
erect as shown in Figure 3-12. Tne primary difference bevween the in-
flation phase configurations shown in Figures 3-12 asnd 3-13, is that the
length of the suspension tepes and excess bag fabric is not long enough
1o permit the main balloon to be fully inflated and its top fitting
erected while the clutch launcher for the ballast bag is held down to
the ground., The inflation procedure shown in Figure 3-13 is definitely
more coamplex and hazardous to personnsl and the main balloon especially
when the c¢lutch launcher is released,

Sheath Around Ballast Bag
Suspension Tapes

Joom Crane
Mair Balloon

Launcher

Roller Amm
Launcher

Inflation Duct

Figare 5-13, flation Configur

ation
Helium with Snort S

of Ballast Rag Filled with
Qnenbion Tapes

+
-
u

Before cuncidering this second inflation method a check should be

made to determine the extra dead weight rejuired for lengthening the

_ngth between the top fitting

suspension tapes or adding an extra cable
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ot’ the main ballcon and the support ring where the bag suspension tapes
arc tied together. If this extra weight does not diminish the system
payioad capacity below the minimum requiremente, it is preferable that
the clutch launcher be anchored to the ground and the support tapes and
cables between the two balloons be lengthened.

Handling and Launch Technigues, Once the main balloon and ballast bag
are inflated with the correct amount of helium the erection phacse may
begin, The clutch launcher is first released allowing the ballast bag
to swing up over the top of the main balloon. When the bag is almost
over the main balloon, the roller arm lsuncher can release the main
balloon, Both the ballast bag and main balloon zan rise together, thus
erecting the flight system to the launch configuration as shown in
Flgure 3-9.

If the ballast bag has a very high net lift and can actually 1lift
the top of the main balloon, it meay be possible to fill the ballast bag
first while filling the main balloon and release the ballast bag from
the clutch launcher before the main talloon has a large enough bubble
to 1lift- its own top fitting. (Figure 3-14). 1In this manner the ballast

Wind )

Suspension
Tapes

\

Inflation
Duct Tied
off

Main Balloon

Inflation Duct

Launch Arm

Parachutes

Figure 3-14. Inflation Configuraticu of High Lift Ballast Bag



lar is aillowed to hold the main balloon bubble up while the inf.ation
1o coupleted on the main balloon, When the main balloon is fully in-
Tis the roller arm rclieases the main balloon and the system then
rects itself to the launch configuration., Notice, however, that thic
inflation procedure is definitely wind limited and should be uced only
when the ballast bag reguires enough helium at launch to give it a
high net 1ift and the bubble of helium in the bag is suspended fairly
close tec the top fitting of the main hallcoon., 1In all cases thus far
described it is important that the ballast bag have a reasonably tight
vubble so that maximum control is possibie until the system is erected
and launched,

Other Flight Configurations., ILet us now consider other possible {ligh
configurations for sealed cell systems where the ballast bag has less
than 10 percent lift or even a positive weight. Though thecretically
there are no launching restrictions in relating to the size of the
helium filled bag on top of the main balloon, it may not be desirable

to insert excess helium into the ballast bag and valve it out while

the system ascends, If the helium-filled bag were located elsewhere in
the ballocn system,then the primary problems are control of the helium
bubble and the orientation (up and down) of the Yallast bag, =specially
when it has 1ift at night operating aititude and weight when fully pres-
surized at day operating altitude, One possible flight configuration is
shown in Figure 3-1% where the bag has a double set of suspension tapes;

“*ain Balloon Exhaust Duct

Instrument.

Parachutes
Package \ /

Ballast Pag {Fully
Pressurized witi. Helium)~\\~\~§“

Orientation Weight
(Ballast iloppers; Instruments)

Figure 3-15. Helium-Filled Sealed Cell Ballast System
J.ung Under Paylcaed
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one et of tapes suspends an "orientation" weight onto the bag itcelf co
that the bag is always held down even when it has free 1ift; and the other

ret of tapes suspends the bag and the orientation weight underneath the
payload bar,

The orientation weight, which can range from 5 to 40 pounds, makes up
part of the total payload carried by the balloon system. The orientation
weight should be slightly heavier than the maximum 1lift of the ballast bag
if the bag has any positive 1ift, Otherwise, the orientation weight
should i'e heavy enough to hold the excess fabric of the ballast bag in a
downward direction to prevent the bubble of helium in the bag from shifting
about and causing the lower end of the bag from floating upward. In either
case, it 15 important that the oricntation weight be as light as possible
while performing its function so that the linear load stresses on the bag
can be kept as low as possible., Decpending on the size of the orientation
weight required, it can consist of parts of the instrumentation necessary
to monitor the condition of the bag (temperature and pressure), and if
higher orientation weights arr required (20 or more poundg), the compen-
sation ballast hopper can also be supportied at this point, The purpose
of the compencsation ballast is to compensate for 1ift loss either in the
main balloon or ballast system due to helium leaks. Actually, it would
be favorable to locate the compensation ballast hopper underneath the
ballast bag so that the ballast can fall free of the balloon system. If
the ballast hopper were suspended over the ballast bag there is a pos-
sibility that the solid ballast would collect on the ballast bag or even
damage it.

Basically this type of system is similar to the air-filled sealed
cell systems as shown in Figure 3-2 with the exception of the orientation
weight slung underneath the ballast bag. An inflation procedure,such as
described in Section IIIB for the air-filled system, may be used. The
lightweight net can hold the bag in a tight bubble while the bubble is in-
flated and can prevent the helium 1ift from floating portions of the bag
material around the instrument payload suspended from the boom crane.
Care will have to be taken to prevent the double sets of suspension tapes
to the ballast bag and the orientation weight from being tangled with the
excess bag material when the inflation net is removed. This can be ac-
complished by taking extra precautions in folding any excess bag material
and tapes inside the netting and assuring that the bubble can expand
freely while the ballast bag is being filled.

The crection and launching procedure for the flight configuration
shown in Figure 3-15, can be the same as that described in Section IIIB
for small bubbles (7 to 20 feet in diameter). For large bubbles of helium
with low 1ift, the inflation, erection, and launching problems tecome more
acute for this type of flight configuration.

Another flight configuration possibility for low net-lift helium-
filled ballast bags is the suspension of the bag immediately above the in-
strument payload uith a load line running through it as shown in Figure 3-7.
As explained for air-filled ballast systems, this configuration presents



unusual and complicated fabrication and launching problems for larger

M N
Lage,

Another pocsibility is to join the ballast bag to the main balloon
in tandem fashion as is shown in Figure 3-16. Instead of venting the
excess helium from the ballast bag to the atmosphere, the helium is al-
lowed to flow through a trensfer duct into the main balloon, In this
conl juration the ballast bag is completely filled and the main balloon
remains empty while on the ground. The center fitting between the two
palloons contains a relief valve for controlling the transfer of helium
and provides a point to which a mainstay cable can e connected for
erecting the flight train and allowing the balloon system to be statically
launched. Basically this configuration is a tandem balloon system with o
superpressure controllable launch balloon on top.

T. ansfer Duct

Helium Filled

.___,,———’“"-Ballast Bag

Center
Fitting with

Relief Valve ——~—_

Main Balloon Tapes

T

‘—zafawffszf” Mainstay
\\

Figure 3-16. Tandem Balloon Configuration for Superpressure
Ballast Bag on Top of Zero Pressure Dalloon

Payload

Ballast bags 16 feet or more in diameter can hold enough helium
without becoming superpressured while on the ground to fill the largest
main balloon it can ballast as well as to superpressure the ballast bag




o

N

T AT

it.nlf to the proper operating pressurce at operation altitude. of 60,000
feet or more,

Two distinet advantages are anparent for the tandem balloon configu-
ration. The firet is that less helium is wasted since the excess helaum
from the ballast bag is vented into the main balloon insteed of into the
atmosphere. Second, the tandem balloon configuration lends itself
readily to static launch techniques whic have becn used many times for
large tandem balloon syctems. Experience has shown in thn past that
static launches Sor lerge tandem balloon systems are lees wind sensitive

¥

than dynamic launches,

The launching and handling techniques for the tandem balloon conliigu-
ration of he helium~filled sealed cell avetame are cimilar to those
techniques practiced for syctems such as Stratoscope 1I, and Prcject
Voyager. A development progran, however, hac to be corducted on the de-
sign and fabrication of a center fitting with a controllable transfer
relief valve and techniquec for joining a s'perpressure balloon ic &
zero pressure balloon with trancfer ducts and s center fitting between

them.

D. POWERFD BATIAST SvaomiM

Since Report No, 1 concluded that powered systems are not particu-
larly practical using state-of-the-art components, it is difficul at
this time tc be precisc about the flight configurations, launching
problems and handling techniques for powered systems., It is not lmown
what type of winches, compressors, or power systems will be eventualily
developed for these systems; therefore, configurations and techniques
that may be used are somewhat speculative, If studies are pursued in
this area, it will be necessary to reevaluate the general configuration
and techniques described and to determine where changes, if necessary,
must be made to make tihe systems and their associated flight configura-
tions compatible to thc newly developed components,

Let us first look at the 1'light configuration of a mass cexpulsion
ballast system with a compressov as shown in Figure 3-17., The only basic
difference between this system and the non-powered mess expulsion ballast
system is the additional payload carri -3 on the lcad bar for the air com-
pressor and the electrical power system, Provided the compressor and
power systems are reasonably small in size, the same Inflation, erection
and launching technigques used for air-filled ballast syctems can also be
used for air-Tilled powerced Lallast cystoms.
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Figure 3-17. Flight Configuration of a Powered
Mass Expulsion Ballast System

The winch powered segled cell ballast system filled with air should
be simiiar to the flight configuration as shown in Figure 3-2 with the
exception c¢f a winch on the payload bar and a calle running dcwn to the
loaa suspension tepes of the ballast bag. The cable running from the
winch to the bgllast bag should be fully reeled in when the system is
launched, Again, as for the mass expulsion ballast system with & com-
pressor, the inflation, erection, and launching techaiques should also
be similar, provided that the winch and power systems are reasonable in
size. For large rowered air filled bullast systems, the same inherent
launching and handling problems exist as for large non-powered air ballsst
systems.,

The helium filled sealed cell tallast system on a powered winch how-
ever has a few more complications then the noa-powered sealed cell cystems
filled with heiiun, In order to keep the jower regquirements on the winch
to a minimum, it was found in Report No. 1 that the net 1ift of the en-
tire ballast system should Ve virtually nil when the winch is reeled ocut
and thet the only increase in 1ift should be attributed to the "air"
ballast of the system when reeled in, This approech, depending on the net
1ift of the ovallast bag, requires that part of the payload suvch as the
winch and system cortrols be suspended underneath the ballast bag gs shown
in Figure 3-18, This configuration irposcs & linear stress on the ballast
bag approximately proporticnar to the nei 1ift of the ballast bag itself,
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tocated below the payload, The launching «nd handliag probiems for this
wontlguration arce similsr to those for e non-powered air-fiiled ballast

systom,

Main BRalloon Exbaust Duct

- Parachutes

o —

Instrument Payload

Cabie Q.\\
Relief Valve |

—

Power Winch & Motor

Ballast Bag (Fully Pressurized)
Ncte: Displacement

of Entire System
Near Zerc During

the Night Loaa Suspesnsion Tapes
/ ~
- Power System {Solar Cell
Control Instrumentaiion Compensation Orientation Device - Batteries s
Package Ballast Power Conditioning, Solar Calls)

Figure 3-19. Fiight Configuraticn of a Low Net Lift Winch
Powered Helium-Filled Baslisst System

In conclusion it is believed that powered ballast systems have similar
flight configurations and associate? launching and hsndliag probiems as
their counterpart non-powered systems. This conclusion is predicated on
the assumption that the power components are not particularly large nor do
they require special flight system configurations whea eppiied to the non-
powered systems,
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CONCLUSIONS

In this report same >f the more practileal a<pects in the applicaticn
of air ballast systems to the control of free flight bzlloons have been
examined. Also exarfined were Jnstrumenta ion and controls asscciated
with eech type of ballast syst For non-powered air bellast systems
(mass expulsicn and sealed cell *“bns; it appears that off-the-sielf
trancducers ior pressure and temperature can meet the regquirements for
all sizes of ballast systems, The standard A/D conversicn units, VCO's
and other similar analog comversion technigues can also be obtained,
eitrher through design or use of off-the-shelf ccmponents, for tei-=metering
the reciired data to ground contrcl stations using stapdard ballocn telem-
etry eq-ipment, Althovgh higher accuracies ané resolutions are required
for large ballest systems, especially for difrerentia’ pressure and alti-
tuie weasureme nts, the overall costs for instrumentetion are aprrioximately
the same for all sizes of vallarst systems,

The required ballast cop t“ol valves for air ballast systems, however,

are not readily cbtainable and those thaet are available generally require
some modification for edaptaticns to the specific reguirements of a par-
ticular bellast system. For example, simpl- mechanica‘ spring typs relief
valves for sm2ll (25 foot diameter or smaller) ballast bags are suitsble
if Odlfled to allow remote electrical actuation for more accursie control
ol the internal pressure of the bag., Mechanical spring type reli:f valves

are awiliatle with setting accuracies about #10 percent. Large vallast
bags, however, require more accurate pressure settings at very lo« differ-
ential pressures and this accuracy caanct bte maintsined by simple sprins-
accion relief valves. Speciaily desigied EV-13 type «e:lium valves will
Lave to be designec along with eppropriate circuitry aud low pressure
differential transducers fcor automatically corirclling pressures within a
large sealed ceil ballast bag.

Instruments«tion and contrcls for powered air ballast systems at this
time cannot be discussed in detail because the major components, such as
11 ht-weight, low powered winches ana compressors, sre not availsble,

hen de?elopment work in this arca specifically aimed at th2 requirements
for powsred air ballast systems is sccamplished, instrumentation and con-
trols for powered systems should be available utilizing off-the-shelf
components,

vhe flight configuration of al. air ballast system is dependent on
both the gas ured inside the ballast bag end the size of the vag. The
launching and handling problems associeted with the flight configuration
of an air oallast system depends not only on the size of the bag vut also
on the operating altitude of the system. The higher the altitude at which
the system operates the greater the gas expansion, Consequently, for a
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siven size bag, a smaller amount of gas is required at ground level for
high altitude flights,

L P

In determining the [light configuration of an air ballast systenm,
it is necessary to consider thne handling and launching problemc associated
with the system. For air-filled ballest bag systems it was fcund that
ballast bzgs 50 feet in diameter or larger wers toc 2irficult to hendle
or launch with conventicnal equipment ani techniques, It is concluded
therefore that new lauwnch equipment and techriques, elong with new hand-
ling technlques, must be developed in order to launch and fly large air-
fiiled bha’last systems,

Relium-fil} .4 ballast systems, however, lend themseives generall, to
conventional hardling and launch techniques, especially for large ballast
bage, Still, there are some problems associated with heliwm-£111led ballast
bags that have less than 10 percent net 1lift at launch. If tlLe bag is
over~filled with helium to achieve more than 10 percent free 1.ft at launch,
tne excess gas must be vented off as the system ascends t¢ operational
altitude. While this is not considerer a critical prcblem, it is necessary i
te ensure that the relief valve is properly designed to vent out the excess
h2lium at the proper rate, There are flight confisurstions for heiium-
filled bvailast bags with less than 10 percent free 1ift which can be
handied with conventlionsl equipment and techniques. However, for some of
these co. figurations, new balloon fabrication techniques must be developed
before these flight configurations can be used,

In conclusicn, air ballast systems can he ivstrumented and flown in
most cases with conventicral or off-the-shelf components and equipment.
Systems using large paylonds are more difficult to handle and launch than
small payload systens. There do not uppear, however, to be any design
limitations in the size of the ballast system as far as handling, lauaching,
<~ instrumentation other than limitations imposed by th- Jabric parameters
or the ballact bag, as discussed in detail in Report No. 1. 1In addition,
balloon flight systems with helium-filled ballast bags can not only carry
much grester payloads than air-filled bag systems, but, especially for lerge
ballsst systems, are also easier to handle and launch.
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APPENDIX A

DETERMINATICN OF EXHAUSTING TIME FOR PRESSURIZED
SPHERES WITH CIRCULAR ORIFICES

A spherical balloon is fill @ wiilh air or helium wader prescure Py.
¥When the ballast valve with a ¢ _ular orifice of area Ac¢ is opened, the
differential pressure, A P, drops as the gas inside the bag is exhausted
through the valve, The problem is to determine the time it takes, once
the valve is opened, for AP to drop to zerc. Using Figucre A-1, the 3
foliowing assumptions are made: J

1, Stretch of the bag is negligible.

2. No heat transfer occurs during exhaust stage; that is we have
adiabatic expansion of gases:

T Py \ —
Adiabatic expansion: .2 ={_2) X {(A-1)
T B,

P
§
o

¢ v s ik b i e kiR A bkt G AR e

3. Flow of the gas through the valve is described by compressible
adiabatic flow (w) through a circular orifice:

/, k-1 k-1
z N . 17 P ®
w = CAs Pg ‘ & (E\(n 1 -3 (A-2)
RT]_ k.1 }"2 Pg
wnere,
C = orifice ccefficient (0C.61)

o

R = gas ~on:iant (air = 52.5, nelium = 1,606)

Poely

A}

2
8. = gravity constast (32,2 ft.:sec, j

fiow rate (1b./sec.)
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Ph’Tg
A = circular orifice area
T d Py,T) = precsave and temperature inside

sphere
{3

P2 )Ty = atmospheric pressure and

temperature
P,,T
171 Sphere a = diameter of orifice
v, = sphere (bag) volume

Figure A-l, Pressurized Sphere with Circular Orifice.

Substituting for T; fram equation (A-1) we get:

H 3
Kol

W o= BA, ;é—) g -1, (A-3)

’ 2 g
k \
where B = CPy ¢ . (A-k}
- (K-

Over a small increment of time At, the amount of gas ileaving the sphere
is egual to the change in density of the gas inside the sphere times its
volume, or:

v at= Vap (A-5)

From the perfect gas law and equation (A-1):

k-l 1/k
B (B RN Ry (a-6)

P —
1 R, RIp

If w: assume At to be small, thenAP will be small over this period of

time. Hence the change in density of gas (Ap) can be determined from equation
(A-6) in the following manner:

A-2

[
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k-1 Vk 1/k
1 e K
dp= = o P2 P1 - (P, ~4P)
w5 [ 1 ]
k-1 1/k 1/k
Sl LR L [1-0-4D ]
BT, 1
- 1/}
g7
1 . P B, . [ 1 -1+ 1/k4R (A-T)
X o 2 *
RT, . P1]
k-1
P\ K
t‘nus,APzRK—lr ( 32 ) - AP (A-8)
2 \ Py

Substituting equations (A-3) and ‘A-8) iato equation (A-5) produces the
following differential equation:

At= - . (A-9) E
r "ol 1
‘/ * :
Rk T, B A ( f_% ) -1
Py

- o

If we integrate both sides uf equation (A-9) fraa time t = 0 tot = t

exhzust .amplete), we can determine the total exhagust time t. by the following
’ C
equation:

by = (A-10)

The integral in equation {A-10) may be integrated directly by the fol-
lowing substitution:

A-3
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- K
| FE] = sec ¢ . (A-11)
L r2

Then by differentiating both sides of equation (4-11):

2k
ap = XPo [ kI (A-12)
= sec tan ¢ 4
) ] wEad
Substitution of equations (A-11) and (A-12) inte (A-10) yields
Vb £2
t = - a1 (A-13)
A, cC J 8. & (k-1) RT, . (sec £) a
2 1
kel
P 2k
where £, 5 = arcsec 1,2
2 P2
. %/,
If the bag is filled with air, k = Vv = l.4; thus
v b2 at
e — cos .
A C V .28gc RT, 51
V.
b 3
Let 78.11’ = ; thus (A-—lS)

e




Ac  { b cos cos ¢
1
12k
5 ===
Let x = cos ¢ =(§ ) k (fram Equation (A-11));
2
then as a firal result for an air filied bag:
*2
t = - Y air Vix +3 V1-x +3 Infl +Vv'1-x (A-16)
¢ A 4x< 8 X 3 NG
c x_‘
P, .286
where Xy = .
’ Pi,2
Similarly, for a helium filled bag, where k= 1.66
2
Y -
£ = He l-x + 1 1n [ 1+ V1-x} (A-17)
c A, 2x 2 vV
*1
o .398 v
2 Y b
whare x = | —— H, = .
1,2 (Pl,2 ) 3 e

¢ V.55 g, BT,

For a specific example, ussune a 10C foot diameter 2 Mil Mylar ballast
bag at 80,000 feet sltitude pressurized with air to S, = 10,000 psi. The
problem is to determine what orifice area (Ac) is required to exhaust the
bag within 30 minutes., The initial internal pressure Py of the ballast bag
is determined by

It

P, + AP, where

24 5, t ,
AP = 1 . (A-18)

r(1 + 35,/E)
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Sammary of conditions at 80,000 feet altitude:
P> = S84/rt? r = S50 feet
T> = 308°R t, = 30 minutes (1800 seconds)
Rair = 935 °/1t §, = 10,000 psi
Koip = L.k t = 002"
cC = 0.61 E = 800,000 psi
g, = 3.2 fr./ sec2

From equation (A-18),

P, = 58.0+9.27 = 67.25 #/nt°

From equation (A-15)

5o 500 )
Yair = 3 = 1.945 x 103

61y .28 - 3.2 - 53,5398

From equation (A~16) then;

9584
1800 = L9%5x10° [ Vix , 3 Vix , 3 Infi+ V ix
A. bx 8 x 8 vx
1.0

or

2
A, = .228 £t

2 2
A = T4 _ 208t
¢ N

or,

C.54 £t = 6.50 inches

=)
i

Thus we find that a 10C foot bag should have a 6% inch diameter valve in
order that all of its air pressure be valved out within 30 minutes., If we

A-6
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oitly require o« percent of ihe prescure to be valved out in 30 minutes,then
from equation (A-1Y), we r'ind tha. a valve 5.3 inches in diameter will oe
cufficient. At 80,000 feet altitude, a 100 foot diameter bag can con-

tain 105 pounds of air ballast., Thus if we use a 5.3 inch valve, approxi-
mately (.6 pounds of air ballact will be left after 30 minutes. It is
therefore concluded that a 6 inch valve should be sufficient for

exhausting a 100 foot dlameter air pressurized bag at 80,000 feet

within the time of sunset effect,

If the bag were filled with helium, equetion (A-17) is then used:

Rye = 386°/ft
C = 0,61 {assumed)
kK = 1.56,
thus Yu. = 5.19 x 10°
He ~— 7~ i

Using equation (A-17):

1800 = 5.19)(102 Vi-x . 1 ln(l+ vV l-x)
2

[

A, = .OT10 £i2 , d = 3.61"

Thus, if the 100 foot diameter bag were pressurized with belium in-
stead of air, a 3.61 inch diameter valve could fully exhaust the bag
within the required 30 minutes.

L mmiaat
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APPENDIX B

DETERMINATION OF EXHAUST REGUIREMENTS FOR AN ASCENDING SEALED CELL SYSTEM

\

Accume a bag containing a certain quantity of gas ascends to scme
altitude hy at which point the bag hes a differential pressure a P,. The
relief valve is assumed to fully open when the differential pressure
reaches APy and remains open until the balloon reaches altitude., In
actual practice, the valve should shut whenever the differential pressure
drops below the deslred final differential pressure aPp. For simplifi-
cation, however, we ma' the former assumption in order to assure ourselves
that the valve has suff.cient capacity to valve off enough excess gas with-
out exceeding the maximum allowabie differentizl pressure in the ballast
bag. If the valve is large enough, the valve will shut periodi:ally
allowing the pressure to build back up in the bag while ascending, and open
whenever the differentisl pressure exceeds AP,.

From equations (A-2) and (A-5) in Appendix A;

k-1
apy/ (B /py) K M c 2 n
L 12 = - l_g chc k “‘OTE]dt (B-—l)
LY k-1

"ol
Py J[Pl/ Pk -1

At this point, a basic assumption is made that the atmosphere over the
region of interest is isothermal and that the rstio between the pressure in
the ballast bag and outsile ambient pressure remains constant while the
valve is open and the bag is ascending i.e.,

P =a P2 s (B-2)
where P20=O ( @y - 1) = APy {initial opening differential pressure)

arua %g = corstant.

Equation {B-~1) therefore can be rewritten as:

aPy 5
= = Adt, where B-3
Fi—- 2 ( )

B-~1

e,

A




k=1
r N
CA 22 kRT —_—
A = 2constant = c c Rb 2 ac k -3
v N —=

1/k
a

[

The differential equation (B-3) is solved by inteysrating both sides
of the equation

Pl = a P, - e (B-4)

Note at time t = O, Py = a, P, _
t =0
»ressure wvhen the valve first opens.

, where P, is the ambient
t =0

For further simplification, it is assumed that the embient pressure
follows the basic hydrostatic law:

F = P2 . e- %g*/[gCRT]}Z

(B-5)
t =70

From equation (B-4), A = constant; assume g* = g (constant gravity).
A ¢
Then fram equation (B-5)

v = dz/dt = ARgTp = constant . (B-6)

That is to say, if it is assumed that a, = constant, then the asceut
velocity v must also be a constant, It is therefore found that given an

initial opening pressure AP, and an ascent velocity v , the requured orifice

size of the relief can be determined:

A, = Vy v, , (B-T)
( 3 KL
R,C 4/ 2kg, RyTp [ a K -1]
—T— 3
where 4%
W= Pet = 0

B-2




Note tnat R, i~ the gas constant for ambient air and Ry, is the gas
dart for tac gac inside ihe bag., If the bag is filled w;th air,

conct
RD=E2&0

As an c¢rample, consider a 16 fcot diameter 2 mil Mylar bag filled
with helium which is launched with 20 percent free 1ift., The first step
in the problem is to deterumine at what altitude the bag becomes fully
pressurized, t is assumed that the bag can withstand a skin stress up
to 12,000 psi and that the relief valve is designed to fully open at taal
setting.

From equation {A-18) ir Appendix A, this skin stress i+ equivalent
to a bag differential pressure of

AP
c T(1+ 3 P 000/800 500)

3

The gross weight of the beg is given as:
2
b=z W = k. 3,1k 8 (0.01k7) = 11.8#

With 20 percent free 1lift, the gross 1lift of the gas inside the bag
must bes

G
b2

il

(1.20) (11.8) = 15.6#

s s . . ‘e - 3
The specific 1ift of helium 08 the grognd is given ss 6,587 x 107 1b./ft
and the density as 1.06 x 10" ib./ft,”, Therefore the mass of helium in-
side the bag is:

From the perfect gas iew, p = <}i s we can f£ind the mass of helium in-
ET
side the tag when fully pressurized:

1 3.
b3 ; Py % i rj{L+351/E)
2.52 =V, P, =2 »r2(1+35;/E) _ 1= 3 " (P, +aAP
v 173 VYR RT, 2 A %)

2.5¢




Vltitude by which has & corresponding air temperature Tp and pressure

P_ that will satisfy lhe conditions of the above equation is now determined.

HOTE: Assume Tp = Ty initialily.

By iteration, we tiad thot at hy = 68,500 teet. the Lag tecames fully
pressurized and begins venting helium, From analysis of balloon flight
trajeclories velocities of 1,000 to 1,200 fect per minute are not unlikely

at this altitude if the operational altitude of the balloon system is 1bove
68,500 feet,

At 68,500, P, = 101.h #/fte. The required arca of the reilef
t =20

valve orifice is therefore determined from equation (B-?):

a =1+ 68,6 =1,675
T0L.%

Rg = 53.5 °/ft.

R, = 386 °/rt.

k = 1,66

v = 1200 ft./min. = 20 £t./sec. (assume)
T, = 391 °R

A = 1.95 x 1073 £t% = 281 1n?

nd = A = ,281 in®

d = .53¢ ine

Therefore a relief valve with an orifice diameter of .596 inch will

be sble to valve off the excess gzs on a 16 foot bag at 68,500 feet ascending

at the rate of 1200 feet/minute.

If the operational altitude of the ballast bag is 70,000 feet, the
ambient pressure then is:

~

Py = Ob#/5t°
Since a_ was determined to be 1.675, then from equation {B-2)

2
APf=P2 ( a°-1)=6305 #/f't .

This corresponds to a skin stress on the bag of about S, = 11,000 psi.
Since tlL . coperationel pressure should be about S; = 10,000 psi, then the

valve must still remain open for a short time longer in order to bleed the
extra pressure in the bag to the right level,

B-k
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APPENDIX ©

DETERMINATION OF LARGEST BUERBLE ThAT CAN BE HANDLED BY A 40-FOOT BOOM CRANE

Assume that the ballast teg forms a spherical bubble of a radius r
which is suspended a distance x from the top of the boom crane of length
L. Assume also that the crane is well padded and that the maximum size
bubble rests tangent to the boom and tangent to the level of the base of
the toom as shown in figure C-1.

Figure C-l1. Determination of Maximum Size Bubble With 4O-foot Boom Crane.

If the base of the boom is about L feet above the ground then the bumble is
kept high enough off the ground that it will not scrape the ground w~1i:e the
crane moves around during a dynamic launch, -’

From the geumetry of the zbove figure the followirg equations are written:

L sin ¢ X 4+ 2r (c-1)

r/cos ¢ -r (c-2)

4
i

)

ki mmmh ¢ A T




Simultaneous solution of cquations (C-1) and {€-2) yiecldec ithe following
rer e

r = L sin¢ (C~3)
(sec ¢ +1)

To find the maximum value for r for given bpoom length L, we differcntiate
r with respect to ¢ and set it equal to zero:

2
dr L+Lecos$ -Ltand _ c-l)
== . =
d¢ (sec ¢ + 1)
Equation (C-4) reduces to
2.
cos ¢ T CCs¢ - 1=0 (¢-5)

Solving for cos¢ by the quadratic formula,

-1V 1+L4 9615

2

cos ¢

$ = h2°

If the bcom crane with an extension has a length 40 feet, then from
squation (C-3), the maximum bubble radius which can be handled is determined
to be:

™ T ——————

1l + 1 _
Trex = TS = 10,2 feet

From squetion (C-1), the distance the bubble is supported below the top
of the crane is:

x = (L40) (0.669) - 2 (10.2) = 6,4 feet,

" ot
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The results are cummarized in figure C-2,

26. 4t

T

L
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Figure C-2. Maximum Bubble Size With 40~-Foot Boom Crane.
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List of dymbol.

Symbol

A

Definition

Air ballast; we
weight of ambie

Area of ballast valve orifice
Modulus of elasticity

Free lift

Function of fabric parameter
Ballast bag gross lift

Length

Percentage of superheat in main balloon

Daytime superheat effect: = mb
Ia
Nighttime superheat effect: = mb
Ta
Pressure

Differentisl) pressure at time t = O
Final differential pressura
Pressure in the ballast bag

Gas constant

Gas constant for ambient air

Gas constant for gas in ballast bag
Gas constant for helium

Degrees Ranxin

Ballast bag fabric stress
Temperature, general

Ambient air temperature

Y e

Units

1lbs.

ft2

lbs./in.e
lbs,
dimensionless
1bs,

ft.

decimal of ambient air
decimal of Ty
decimal of Tj
lbs./ft2
1bs./£t°
1bs./ft2
1bs./t2
ft./°R

53.5 ft./°R
t./°R

386 £t./°R

lbs./in2 i
°R

OR ;'

b
Véra

RUAN I

'




hitaiindiand

0n

AP

Sload

Stotal

e

W

b

Definition
Temperature of @as in bellact bag
Temperature of gas in main balloon
Volume of ballast bag, unstretched
Total weight of baliast tag fabric

Ballast valve crafice diameter
Gravity con<tant

Local acceleration of gravity
Specific 1ift of helium
Altitule

Ges constant = Cp/Cy

Percentage of superheat in vallast bag

Radius of ballast bag
Ballast bag linear fabric stress

Ballast bag linear fabric stress due to
differential pressure

Ballast bag linear fabric stress due to
load forcec

S,p = Sload = 8

Time

Ballast bag fabric thickness
Time tc complete exhausting
Gas flow rate

Ballast bag unit fabric weight

Main ballocon unit fabric weight

Variable altitude

Gloss-2

1bs.

in,

32.2 f‘c./sec2

ft./sec?
1be,/ft3

ft,

dimensicnless

decusal of ambient
air temperature

tt.

lbs,/ft.
lbs./ft.

lbs./ft,
lbs./ft.
seconds
inches
seconds
1bs./sec.

~
'
1bs o/ ftc




Symbol

%o

B

Definition

Pressure ratio; Pl/p2

e

Flow rate variable; CP2 i 23c K
V RT5 (k-1)

Filow time variable; Vh

C Jge «l k-).)R‘I'2
*——‘T_-——v-'

Differential symbol

Load force angle con ballast bag
Superheat in baliast bag
Superheat in main ballcon
Ascent velocity

Time pressure constant

Pi

Density of ambient s&ir

Density of gas in ballast beg

Density of helium

Msin balloon fabric parameter

Subscripts

1

2

Conditions during the day; or inside ballast bag

Units

dimensionless

1b. /118 asec

fte—sec

dimensionless
degrees

F; 6, = nT,
OF; 0mb = NT&

ft/sec

3,14159
1bs,/ft3
lbs./ft3

1bs, /13

Conditions during the night; or outside ba.iast bag

Ambtient air

Ballast btag

GLoss~3

i
i
3
i
‘A‘
HE
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